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FOREWORD 


SUGARBEET RESEARCH is an annual compilation of progress reports 
concerning incomplete research by Agricultural Research Service investi- 
gators and cooperators who are engaged in sugarbeet variety and pro- 
duction research. The report has been assembled by Dr. John S. McFarlane, 
“Technical Advisor for sugarbeet breeding. The report has been reproduced 
at the expense of the Beet Sugar Development Foundation, and is for the 
sole use of the cooperators. Much of the data has not been sufficiently 
confirmed to AWeeTEy general release and interpretations may be modified 
with additional experimentation. The report is not intended for publica- 
tion and should not be used for cited reference nor quoted in publicity 
or advertising. Reproduction of any portion of the material contained 
herein will not be permitted without the specific consent of the con- 
tributor or contributors. 

The report presents results of investigations strengthened by 
contributions received under Cooperative Agreements between Agricultural 
Research Service, U.S. Department of Agriculture, and the Beet Sugar 
Development Foundation; the California Beet Growers Association, Ltd.; 
the Farmers and Manufacturers Beet Sugar Association; and the Sugarbeet 
Research and Education Board of Minnesota and North Dakota. 

Trade names occur in this report solely to provide specific informa- 
tion and do not signify endorsement by the U.S. Department of Agriculture 


or the Beet Sugar Development Foundation. 
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SUMMARY OF ACCOMPLISHMENTS, 1976 


RESISTANCE TO VIRUS YELLOWS--Mass selection for virus yellows resistance 
from BYV-BWYV infected, spaced plants was continued in 1976. The third 
successive selection for resistance was made in three open-pollinated lines. 
The first selection was made in three self-fertile composites and the second 
cycle of selection was made in three others. Lines previously selected for 
yellows resistance were evaluated in various hybrid combinations in tests 

at Salinas, Brawley, and statewide in cooperation with the sugar company 
breeders. Several lines developed in the yellows resistance program are 
planned for release in 1977. 


Recent emphasis has been on the development of yellows-resistant, monogerm, 
seed-bearing parents. Yellows-resistant monogerm lines would complement 

the presently used yellows-resistant pollinators or would allow greater use 
of yellows susceptible pollinators with other favorable characteristics. 
Eighteen monogerm lines that were previously selected for yellows resistance 
or derived from partially resistant sources were evaluated in 1976. All of 
these lines segregate for Mendelian male sterility. In 1975 the fertile 
plants were rogued and the male-sterile plants were topcrossed to C17. The 
results of the evaluation of these hybrids are summarized in Table 976. 

Most of these hybrids compared favorably to US H1OB for performance under 
infected and healthy conditions. A few of the hybrids were significantly 
more resistant and/or productive than US H10B. In general, the lines derived 
from known yellows-resistant sources and selected for yellows resistance, 
e.g., 4797, 4796, 3770, and 4798, gave the most yellows-resistant hybrids. 
Those derived primarily from curly top resistant, but yellows-susceptible 
sources, e.g., 4794, produced the most yellows-susceptible hybrids. Even 
though most of these monogerm lines are still in an early stage of develop- 
ment, this test demonstrated that variability for yellows resistance has now 
been incorporated into monogerm, type-O sources. R. T. Lewellen, I. O. 
Skoyen, and J. S. McFarlane. 


VIRUS YELLOWS -RESISTANT X VIRUS YELLOWS-SUSCEPTIBLE POPULATIONS (SYNTHETICS)-- 


When yellows-resistant pollinator lines are crossed with yellows-susceptible 
female lines to produce hybrids, for example, C17 and 546H3 to produce US H1OB, 
the level of yellows resistance (as measured by % loss for sugar yield) is 
usually intermediate. As a further indication of the transmission and 
inheritance of yellows resistance, the progenies of the cross between 

resistant C17 and susceptible SP 6822-0(B) were evaluated. These two open- 
pollinated lines and their Fy, F9, F3, BC,Pj, and BC,P) generations were 

tested in a BYV-BWYV inoculated-noninoculated test at Salinas in 1976. The 
results of this test are summarized in Table 1276. 


In this test, C17 and SP 6822-0(B) had losses of 16.2 and 61.4%, respectively. 
The reaction to yellows of the Fj, F2, and F3 as measured by % sugar yield 
loss were not significantly different and varied from 42.6 to 45.6%. The 

loss of the BC to C17 was 30.2% and was significantly more susceptible than 
C17 but significantly more resistant than the Fi, Fo, or F3 generations, 

The values for the BC to SP 6822-0(B) did not fit as expected, but the 
deviation was probably due to one plot not being inoculated. These loss 


values would support previous observations that yellows resistance is 
primarily due to additive effects. However, some deviation from the mid- 
parent value toward increased susceptibility was expressed by the Fj, Fo; 
and F3 generations. In general, if the yellows resistance of two of the 
three components of two parents and their F, are known, the resistance of 
the third component should be predictable. 


A somewhat surprising observation is the amount of heterosis expressed by 
the F; for beet yield and sugar yield in the noninoculated treatment. The 
sugar yield of the Fy showed a significant increase of about 20% over the 
midparent value. The F9 showed only about half this increase which is what 
is expected for the increase of a synthetic variety with two lines. 

R. T. Lewellen, I. 0. Skoyen, and J. S. McFarlane. 


HALF-SIB SELECTION FOR YELLOWS RESISTANCE--Two self-fertile, composite 
populations designated 773 and 791 were used to evaluate the use of half-sib 
selection for concurrently increasing virus yellows resistance and yield. 
Half-sib families (seed from 0.P. Mendelian male sterile plants) were grown 
in replicated field trials and inoculated with BYV-BWYV. On the basis of 
yield performance, remnant seed from the selected families was recombined. 

To determine if this testing procedure was effective in identifying divergent 
genotypes, selections were made for high and low sugar yield and high and low 
sucrose concentration. The same source composites were also mass selected 
for yellows resistance using sugar yield as the criterion of selection. The 
results of the first cycle of selection for the populations per se and as 
hybrids with 546H3 have been presented in the 1974 (pages A2, Al11-12, and A31) 
and 1975 (pages A3, A30) "Sugarbeet Research" reports. 


In 1975, the unselected (CO) and selected (Cl) populations of 773 and 791 
were topcrossed to C17. The Mendelian male sterile segregates were used as 
the female plants. These hybrids were evaluated in BYV-BWYV inoculated- 
noninoculated tests in 1976 (Tests 1076-1 and 1076-2). The results of the 
1974-1976 tests showed that one cycle of selection was moderately effective 
when measured by the performance and yellows resistance of the populations 
per se, but was not effective when measured by the performance and yellows 
resistance in hybrid combinations. These tests also suggested that mass 
selection was as effective (or no more effective) as half-sib selection for 
identifying genotypes that have greater yellows resistance, performance, or 
combining ability. 


At this time, the half-sib evaluation procedure:does not appear to be an 
effective tool for increasing the yellows resistance of a composite population: 
i) too few families can economically be included in the evaluation trial, 

ii) the evaluation procedure is expensive, time consuming, and requires a 
large plot area, and iii) the difficulty of obtaining highly uniform yellows 
infection from plot to plot increases the experimental error. Even though 
mass selection is also relatively inefficient per cycle of selection, much 
larger numbers of genotypes can be evaluated with less expense and with fewer 
years between cycles. Both 773 and 791 were unselected composites prior to 
this cycle of half-sib selection and the frequency of genes for yellows 
resistance may have been too low to result in significant improvement. This 
type of progeny selection may prove more efficient in more advanced popula- 
tions, for example, after several cycles of mass selection or in combination 
with mass selection in which half-sib families are derived only from the 
mother roots of mass selected plants. R. T. Lewellen, I. 0. Skoyen, and 

J. S. McFarlane. 
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COMPARISON OF ONE CYCLE OF Sj, FS, TC EVALUATION AND SELECTION--Progenies 


from a self-fertile sugarbeet composite population were evaluated and 
selected on the basis of S1, full-sib (FS), and test-cross (TC) performance. 
Selections for sugar yield, % sucrose, amino nitrogen (NHy-N), sodium (Na), 
potassium (K), and impurity index were made on the basis of S,, FS, and TC 
performance. Sugar yield and % sucrose selections also were made on the 
basis of FS and TC performance. Response to a 10% selection intensity was 
determined by direct comparison of the CO and Cl in replicated field trials 
(Tests 876-1, 876-2, 876-3). Selection for sugar yield resulted in increases 
of about 11, 0 and 3% for the S81, TC, and FS evaluations, respectively. 
Selection for % sucrose resulted in increases of about 7, 7, and 6% for the 
same evaluation methods. Selection on the basis of S; performance decreased 
NHo-N, Na, and K concentrations by about 40, 34, and 20%, respectively. 

R. T. Lewellen, I. O. Skoyen, and J. S. McFarlane. 


RESISTANCE TO ERWINIA--Breeding lines equivalent to C13 for performance 

and yellows resistance have been developed that are highly resistant to 

root rot incited by Erwinia. The hybrids produced with these Erwinia 
resistant lines also appear to be equivalent to US H9 type hybrids but with 
substantially improved rot resistance. Several of the rot resistant breed- 
ing lines are planned for increase and will probably be released in the fall 
of 1977. R. T. Lewellen, E. D. Whitney, and I. O. Skoyen. 


INTERS PECIFIC HYBRIDIZATION STUDIES--The resistance of the wild-beet species 
in the Patellares section was studied. The results showed that all 

~ three species, i.e., B. procumbens, B. webbiana, and B. patellaris, were 
highly resistant, but not immune, to nematode and curly top. However, 

those species were susceptible to the beet western yellows virus. Gamma- 
rays were used to irradiate the nematode-resistant plants prior to meiosis 
to increase the chance of chromosomal recombination. Selection for higher 
transmission rate of nematode resistance was conducted for both trisomic and 
diploid sugarbeets. M. H. Yu. 


POWDERY MILDEW RESISTANCE--A group of 12 varieties with a wide range in 
powdery mildew resistance was evaluated for performance with and without 
mildew in a March-planted test. A split-plot design was used and mildew 

was controlled with sulfur in one-half of each replication. Mildew infection 
started in mid-July and became moderately severe by mid-August. Mildew 
grades ranged from 1-5 based on a scale of 0 = no mildew to 9 = severe mildew 
(page A26). Losses in sugar yield range from 2.1% for an American Crystal 
hybrid to 18.5% for a susceptible triploid hybrid. Significant variety x 
mildew interactions occurred for sugar yield and sucrose percentage. 


Varieties and breeding lines were included in a November-planted bolting 
resistance test and rated for mildew infection in August. Grades ranged 
from 3 to 8 (pages Al3 and Al6). Curly top resistant varieties and breeding 
lines again tended to be among the most susceptible entries in the trials. 
The results of the past 3 years showed that a wide range in resistance to 
mildew exists within the cultivated beet. Most lines possessing curly top 
and bolting resistance are susceptible to mildew and a considerable breed- 
ing effort will probably be required to incorporate resistance into high 
performing commercial varieties. J. S. McFarlane, R. T. Lewellen, and 

I. O. Skoyen. 
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MISCELLANEOUS VARIETY TEST--A group of 12 varieties from foreign and domestic 
sources were evaluated for yield, sucrose, and disease resistance. A split- 
plot design was used and the results were analyzed both as a randomized 
block and a split-plot (pages A26 and A28). Curly top, yellows, and bolting 
caused little to no damage. Some loss occurred from powdery mildew and 
Erwinia root rot. Varietal differences were observed in susceptibility to 
both powdery mildew and Erwinia root rot. Most of the introduced varieties 
were significantly superior to the California developed varieties in sucrose 
percentage. In the absence of curly top, yellows, and bolting, varieties 
developed in areas other than California tended to perform as well or better 
than did the local varieties. J. S. McFarlane, I. 0. Skoyen, and R. T. 
Lewellen. 


TOLERANCE TO WILTING CAUSED BY THE SUGARBEET NEMATODE--Cooperative work was 
continued with the Instituut voor Rationele Suikerproductie in the Netherlands 
in the development of breeding lines tolerant to wilting caused by the sugar- 
beet nematode. Identical trials were grown side-by-side on land with severe 
nematode infestation and on land that was fumigated with DD. The fumigation 
was only partially effective and a moderately high population of nematodes 
remained. Striking differences were observed in wilting between 880, the 
wilt tolerant selection, and US H10 (page A73). The wilt tolerant selection 
was also included in a variety test under nematode free conditions. 


Under conditions of medium and heavy nematode infestation, the wilt tolerant 
selection outyielded the US H10 check variety by 40% and 73%, respectively. 
When grown in a regular variety test without nematode infestation, US H10 
outyielded the selection by 20%. The wilt tolerant selection proved to be 
highly susceptible to Erwinia root rot. 


Results of the past 5 years demonstrated that progress has been made in 
breeding for wilt tolerance. Nematode losses could be reduced through the 
use of tolerant varieties but under heavy infestation levels damage would 
continue to be high. If tolerant varieties were grown commercially, nematode 
populations would increase the same as with susceptible varieties. The use 
of tolerant varieties would need to be combined with crop rotation and/or 
chemical controls. J. S. McFarlane and I. O. Skoyen. 


FUSARIUM STALK BLIGHT RESISTANCE--A group of 20 hybrids and inbreds were 
evaluated at Salem, Oregon for stalk-blight resistance in cooperation with 
the West Coast Beet Seed Company. Wide variability occurred in resistance 
and ranged from near immunity in the NB 4 inbred to almost complete 
susceptibility in the 564 inbred (page A74). Disease ratings of hybrids 
between resistant and susceptible lines were similar to those of the 
resistant parent. Ratings for Fy populations from resistant x susceptible 
crosses more nearly approached the resistant parent. Monogerm segregates 
with no evidence of stalk-blight infection were selected in F, populations 
from a cross between 563 and NB 1. Seed from these selected plants was sown 
at Salem in September 1976 and will be evaluated in 1977. The 563 inbred was 
developed by crossing a monogerm line to NB 1 and then backcrossing to NB l. 


aA 


Monogerm stalk-blight resistant selections from the current backcross 
program are expected to resemble NB 1 in performance, disease resistance, 
and other characters. Our results indicate that resistance to stalk blight 
is dominant and relatively simply inherited. There is some evidence of a 
loose linkage between susceptibility and the monogerm character. J. S. 
McFarlane and S. C. Campbell. 


YIELD COMPENSATION IN SUGARBEET INFECTED WITH CURLY TOP VIRUS--During the 
last 15 to 20 years more virulent strains of beet curly top virus have 
evolved that have the capability of damaging resistant cultivars of sugar- 
beet. The extent of the damage induced by these isolates in relation to 
the amount (percent) and time of infection and the compensating role of 
healthy plants in total yield have not been fully investigated. A field 
trial in 1976 demonstrated that significant losses in both root yield and 
sucrose percentage occurred when 30% or more plants became infected about 
four weeks after seeding. With a 66.7% infection treatment, mean root 
weight for healthy plants was nearly 3 lbs. greater than that of the control. 
Inoculations made eight weeks after seeding showed significant yield losses 
only with a 100% inoculation treatment (57% of the plants eventually had 
symptoms); however, total root yield was 92% of the control. Mean root 
weights for diseased plants, over all CT treatments, were only about 80% of 
that of the control. Observations of 1975 and 1976 tests indicate that the 
later curly top infection occurs the longer the incubation period before 
symptoms appear so that compensation for total yield by healthy plants is 
important any time significant infection occurs, but it is most important 
when infection occurs in plants six weeks old or less. I. 0. Skoyen and 

Je Bea vurrus. 
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ABSTRACTS OF PAPERS PUBLISHED OR APPROVED FOR PUBLICATION, 1976 


DUFFUS, JAMES E. Aphids, viruses, and the yellow plague, book chapter in 
Aphids as Virus Vectors, Academic Press, New York. (In press) 


The yellowing virus diseases are serious hazards to stable production of 
sugarbeet and numerous other crops throughout the world. The general 
acceptance of the yellowing diseases as being induced by natural factors 
has plagued man since the dawn of agriculture. The losses induced by 
members of this group indicates that they are our most important plant 
viruses in relation to crop damage. Beet western yellows virus, the most 
widespread and economically important member of the group, is emerging as 
the world's most economically important virus and is analyzed in detail in 
regard to the virus, its epidemiology and its relationship to yellowing 
viruses of other crops. 


DUFFUS, JAMES E. Transmission of disease agents by whiteflies (Homoptera- 


Aloyrodidae). In Problemas de Virus y Vectores, Sociedad Venezolana de 
Fitopatologia, Boletin Especial No. 4. 1976. (In press) 


Some 30 or more diseases have been reported to be induced by the feeding of 
infectious whiteflies. These diseases occur in mostly tropical areas of 

the world and can cause severe economic losses on various crops. Transmission 
of disease agents by whiteflies was reviewed on the basis of the biology 

of the vectors, disease and vector handling, biology of the diseases 

(types of disease, properties of the agents, mechanical transmission and 
virus-vector relationships), and the challenges of whitefly transmitted 
diseases (Separation of disease complexes, serology, and control). 


DUFFUS, JAMES E. and GENE M. MILBRATH. Susceptibility and immunity in 


soybean to beet western yellowvirus. Accepted for publication in 
Phytopathology 67. 


Thirty-five soybean cultivars either related to or with a pedigree similar 
to that of cultivar Wells were evaluated for susceptibility to beet western 
yellows virus (BWYV). Some cultivars were susceptible, some apparently were 
immune, and the data for others indicated either heterogeneity in, or 
possibly an intermediate level of, susceptibility. All of the susceptible 
cultivars tested in this study were derived from crosses that traced back to 
Mandarin, a soybean cultivar introduced from northeastern China in 1911 and to 
AK which was introduced to the U.S. from Manchuria in 1912. Plants infected 
with BWYV showed various degrees of interveinal yellowing and stunting or 
were symptomless in the greenhouse. The data support the hypothesis that 
BWYV probably is related to other yellowing viruses of legumes reported from 
different parts of the world. 


DUFFUS , JAMES E. and IRVIN 0. SKOYEN. Beet curly top virus-damage losses 
from new strains. The California Sugar Beet-1976. (In pxess) 


The avoidance of infection during the early part of the growing season has 
long been recognized as an important factor in preventing excessive losses 
from beet curly top virus. Field trials on sugarbeets with new severe 
isolates of curly top have indicated that severe losses can occur even after 
more than 40% of the growing season has elapsed. 
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DUFFUS, JAMES E. and IRVIN 0. SKOYEN. Relationship of age of plants and 


resistance to a severe isolate of the beet curly top virus. Accepted for 
publication in Phytopathology 67. 


Strains of the curly top virus capable of causing appreciable damage to 
resistant cultivars of sugarbeet are found throughout the western United 
States. However, little knowledge of the extent of the damage induced by 
these isolates was known. Field trials on sugarbeets have indicated that 
current strains of the curly top virus caused serious losses, even when 
inoculated as late as 10 wk after seeding or after more than 40% of the 
growing period had elapsed. Both root yield and sucrose content were 
significantly reduced. Disease resistance appears to be associated with 
differences in incubation period rather than differences in the abilities of 
resistant cultivars to recover from the effects of virus infection. 


HILLS, F. J., D. H. HALL, L. D. LEACH, C. A. FRATE, R: T. LEWELLEN and 


L. CHIARAPPA. Powdery mildew of sugar beet--here to stay? Calif. 
Agricoe30 2616-18 nPeLo7G. 


Powdery mildew, a widespread disease of sugarbeets in western U.S. since 
1974, reduced sugar yields 20 to 30% in field tests. Early applications of 
sulfur are recommended to control the disease. Other fungicides were also 
tested that improved sugar production over the untreated control. The yield 
loss of a moderately resistant variety without chemical disease control was 
less than half of that of the currently used cultivar. 


MAGYAROSY, A. C. and J. E. DUFFUS. Feeding preference and reproduction of 


the beet leafhopper on two Russian thistle plant species. J. Am. Soc. Sugar 
Beet Technol. 19: 16-18. 1976. 


The host plant selection and reproduction of the beet leafhopper (Circulifer 
tenellus), vector of the curly top agent, was investigated on two epidemiolog- 
ically important Russian thistle species. Salsola iberica (tumbleweed) is 

the preferred feeding host of the beet leafhopper. No difference was detected 
between S. iberica (tumbleweed) and S. paulsenii (barb-wire thistle) as far 

as the reproduction of the beet leafhopper is concerned. 


MCFARLANE, J. S., I. O. SKOYEN and R. T. LEWELLEN. Registration of sugarbeet 
parental lines combining resistance to bolting and curly top. Accepted for 


publication in Crop Sci. 
The three parental lines C563, C563 CMS, and 551 are described. 


MCFARLANE, J. S., I. O. SKOYEN and R. T. LEWELLEN. Registration of sugarbeet 
germplasm combining resistance to bolting and curly top. Accepted for 


publication in Crop Sci. 


The eight breeding lines C85, C85 CMS, C321, C17T, C522, C522 CMS, C536; and 
C536 CMS are described. 
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STEELE, A. E. Effects of selected carbamate and organophosphate nematicides 


on hatching and emergence of Heterodera schachtii. Accepted for publication 
in J. Nematol. 


Ethoprop, oxamyl, PP 156, fenamiphos, carbofuran, AC 64,475, Bunema >. CG 
12223, aldicarb, aldicarb sulfoxide and aldicarb sulfone were tested for 
their effects on hatching and emergence of larvae from cysts of Heterodera 
schachtii. The oxime carbamates and carbofuran inhibited hatching, but this 
response was reversed by removing the chemical treatment. Inhibition of 
hatching by Bunema and all organophosphates tested was irreversible. 


STEELE, A. E. Effects of selected carbamate and organophosphate nematicides 
on hatching of Heterodera schachtii. J. Nematol. 8: 303. 1976. 


Aqueous solutions of ethoprop, oxamyl, phenamiphos, carbofuran, Bunema 
(potassium N-hydroxymethyl-N-methyldithiocarbamate), and AC 64,475 

[2- (diethoxyphosphinylimino)-1,3-dithietane] were tested for their effects on 
hatching of Heterodera schachtii. Concentrations tested ranged from 0.1 ug/ml 
to 1,000 pg/ml, depending on the material. Four or five replicates of 20 cysts 
each were treated for 1 week with the chemical solutions, then for 4 days in 
tap water, and then placed in sugarbeet root diffusate for 4 weeks to evaluate 
the residual effects on hatching. All treatments with chemical solutions 
inhibited hatching. However, permanent suppression of hatching was only 
obtained with 100 pg/ml phenamiphos or 50 pg/ml AC 64,475. All other 
materials only temporarily suppressed hatching. Treatments of 50 pg/ml or 
greater of carbofuran completely suppressed hatching (but the effect was 

only temporary), whereas concentrations of 0.1 yg/ml carbofuran stimulated 
hatching. 


STEINKAMP, M. P. and L. L. HOEFERT. Annulate lamellae in phloem cells of 
virus-infected Sonchus plants. Accepted for publication in J. Cell Biology. 


The occurrence of annulate lamellae (AL) in differentiating phloem of 
Sonchus oleracous (Compositae) singly infected with sowthistle yellow vein 
virus (SYVV) and doubly infected with a combination of SYVV and beet yellow 
stunt virus is documented by electron microscopy. Cell types in which AL 
were found were immature sieve elements and phloem parenchyma cells. AL were 
found only in cells that also contained SYVV particles although a direct 
association between the virus and AL was not apparent. Substructure of the 
AL and their relationships to the nuclear envelope and endoplasmic reticulum 
are similar to other descriptions of this organelle in the literature. This 
appears to be the first report of the association of AL with a plant virus 
disease. 


WHITNEY, E. D. and R. T. LEWELLEN. Bacterial vascular necrosis and rot of 


sugarbeet: Effect on cultivars and quality. Accepted for publication in 
Phytopathology 67. 


An epiphytotic caused by an Erwinia sp. on sugarbeet in the San Joaquin 
Valley of California was due in part to a greater susceptibility of newly 
introduced hybrid cultivars. The greater susceptibility of the hybrid 
cultivars resulted predominantly from the use of highly susceptible pollen 
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parents, but also was influenced by the F, moderately susceptible seed 
parent. The Erwinia-susceptible pollen parents were selected for virus 
yellows resistance from a moderately Erwinia-resistant parent. This 
suggested that an association might exist between yellows resistance and 
bacterial rot susceptibility. Our results did not support this hypothesis. 
All cultivars tested were susceptible to some degree to bacterial rot but 
there was variability among selections, suggesting that the pathogen 
probably has been present for many years in soil and became obvious after 
the introduction of more susceptible cultivars. A disease index (mean 
percentage of rot per beet) was found to be a reliable means of estimating 
cultivar susceptibility. 


Published Papers Abstracted in Sugarbeet Research, 1975 Report 


DUFFUS, JAMES E. Effects of beet western yellows virus on crambe. Plant 
Dis. Reptrso Ie eobOsOoGs aad. 


LEWELLEN, R. T. and E. D. WHITNEY. Inheritance of resistance to race C2 
of Cercospora beticola in sugarbeet. Crop Sci. 16: 558-561. 1976. 


MACDONALD, J. D., L. D. LEACH, and J. S$. MCFARLANE. Susceptibility of 


sugarbeet lines to the stalk blight pathogen Fusarium oxysporum f. sp. betae. 
Plant Dis. Reptr. 60: 192-196. 1976. 


STEELE, A. E. Effects of oxime carbamate nematicides on development of 
Heterodera schachtii on sugarbeet. J. Nematol. 8: 137-141. 1976. 


STEELE, A. E. Improved methods of hatching Heterodera schachtii larvae for 
screening chemicals. J. Nematol. 8: 23-25. 1976. 


WHITNEY, E. D. and R. T. LEWELLEN. Identification and distribution of races 


Cl_and C2 of Cercospora beticola from sugarbeet. Phytopathology 66: 1158-1160. 
LO76y 
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BOLTING AND VARIETY TRIALS, SALINAS, CALIFORNIA, 1975-76 


Location: USDA Agricultural Research Station 
Soil type: Sandy loam (Chualar series). 
Previous crops: Fallow, 1975 and 1974; barley, 1973; sugarbeet trials, 1972. 


Fertilizer used: Preplant: Dolomite (equivalent to 105% CaC03), as needed, 
was broadcast at a rate of 1150 lbs/A and disced in about 6 inches deep. 
All test areas had 320 1bs/A 5:20:10 applied broadcast and chiseled in 
before listing in October 1975. Prior to seeding, 400 1lbs/A ammonium 
sulfate was Bye Hoe incorporated into a 9 inch band on the beds. 


Supplemental nitrogen: Two applications, as sidedressed ammonium 
sulfate at rate of 410 lbs/A, or 20% liquid N through sprinkler 
irrigation system at a rate of 445 l1bs/A. 


Total fertilization (lbs/A): N P205 k90 
275 64 cy! 


Summary: 1975-1976 Tests in the Salinas Valley 


Sowing Thin- Plot 
Date ning Test Plot Row Harvest 

Test 1975- Date Entries Reps Rows Lgth. Date Test 

No. 1976 1976 No. No. No. rt 1976 Design 

176 11/12 1/20-28 96 2 1 32 -- -- 

276-1 if ; 64 Z 1 32 -- -- 

276-2 ' ‘3 56 2 1 a2 -- -- 

276-3 a iB 40 2 1 a2 -- -- 

276-4 i 64 2 L o2 -- -- 

376 bieks i} 23 - - a -- -- 
476 He . 76 4 1 a2 -- RCB 

576 ie 16 4 2 325) 99/7-9 RCB 

676 1/7 Syl. 10 10 2 55 " Latin sq. 
776 hd s 26 8 2 O2 geo o-15 RCB 

876-1 2/3-4 3/18-21 16 8 2 30 9/15-16 RCB 

876-2 : + 16 8 2 30 9/20-21 RCB 

876-3 : i 16 8 2 30 ©49/21-23 RCB 

976 2/22 3/24-28 20 6 1 41 9/27-Rain Split-plot 

10/7-8 : 

1076-1 2/11 i " 6 st 41 9/23 Split-plot 
1076-2 it 9 6 1 A Lama 27 Split-plot 
1176-1 Yt u 12 6 il ALE a0 fi? Split-plot 
1176-2 v et LZ 6 1 AVS Bl0/13 Split-plot 
1276 3/17 4/24-28 7 6 1 22 10/21-22 Split-block 
1376 ds a 12 =) i Ze : Split-block 
1476 3/16 4 12 5 53 10/14-15 Split-plot 
1576-1 3/17-18 PY 100 4 1 24 10/18-20 10x10 lattice 
1576-2 ot ih 100 4 1 24 10/26-28 ~-repeated 
1676 5/6 6/10-12 144 2 1 20 10/6-7 -— 


a 
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Inoculation dates (1976): Tests 976 through 1176: April 23, with a 
combination of BYV-BWYV. 


Tests’ 1276) and? 13762MJunes4 fiwith ta 
combination of BYV-BWYV. 


Test 1676: July 29, with a suspension of 
Erwinia bacterium. 


Irrigation: By either furrow or sprinkler system as required at 7-14 day 
intervals except during stand establishment when frequent light 
irrigations were used. 


Diseases and insects: Natural virus yellows infection was light throughout 
1976, probably as a result of the aphid control provided by applications 
of Temik 10G. Twenty lbs/A was applied to Tests 176 through 576 on 
April 13 and to Tests 676 through 1176 on April 14, 1976. Temik 10G 
was applied to Tests 1276 through 1576 May 19, 1976. 


Powdery mildew was moderately severe in 1976 where it was not controlled 
and occurred first in the earliest seeded tests. Spray applications of 
sulfur at 10-11 1lbs/A between mid-July and mid-August provided good 
control of powdery mildew infection. 


Sugar analysis: Determined from one or two samples per plot of approximately 
10 roots each at the sugar analytical laboratory, U.S. Agricultural 
Research Station, Salinas, California. 


Remarks: The assistance of Dr. F. J. Hills and Ms. Patricia Thomas, 
University of California at Davis, in the analysis of test data is 
gratefully acknowledged. 


- Al3 - 


BOLTING RESISTANCE EVALUATION TEST, SALINAS, CALIFORNIA, 1975-76 


TEST 176 
2 replications 

1 row plots, 32 ft. long Planted: November 12, 1975 

Powdery 

Variety Description Bolting Mildew 

7/20 8/31 Sia, 

& ide Grade= 
Bi7ul2 546H4 x 417 0.0 0.0 7.0 
517H36 3536-97H23 x 417 0.0 £0 7.0 
4547H1 502HO x 547 ae D2 6.0 
517TH36 3536-97H23 x 117T 1.0 2,0 isu 
517T THe, 17 ae 5.3 63) 
S17 tu29 3536-97H72 x 117T aa 4.1 6.5 
517H29 3536-97H72 x 417 ve 4.8 Tit 
417H21 536-97HO x C17 ee | Sek 70 
417H28 536-97H3 x C17 aeu Sal 7.0 
5103Aa 43laaMm S. st. x 417 “fee 52 170 
517H8 546H3 x 417 4.2 6.2 750 
4554H4 3565HO x 2554 (Iso.) 4.5 6.6 ae 
585 Type7O Ss st. oe ok 6.0 
517H17 35514" x 417 4.8 ¥26 7.0 
534 Inc, “CaammeS. ‘st. *x 813) 6.6 7.8 625 
517TH12 SA0H4 x SL17T 720 8.0 Fav 
434T Tetra of Netherlands 234 4.1 Dal ie 
Y003 Yellows resistant line Pre, S.2 6.0 
464H2 US H6 ee 8.3 7.0 
3536-97H3 562HO x 536-97 6.7 8.6 jigs 
3536-97H72 718HO x 536-97 9.4 9.4 T30 
5551H21 3536-97HO x 8551 6.6 9.5 a0 
5564H1 (S02HO’ x 562) x 564 oo ho 7.0 
5106Aa 2502aa x 4564C1 6.4 10.7 8.0 
517TH17 Bootie LL 2.6 ie la0 
Vy tomo Swedish variety hoe E269 Feu 
4554H1 NB 1 x NB 4 7.6 15.2 aa 
F71-17 Inc. F70-17 6.9 aco vo) 
464H8 US H7A 8.8 lo Oe 
5551H17 Sasa newts ODoiL 13.0 Jou 6.2 
5101Aa 4136aa x 417 pr) 16.9 SEA 
YOO4 NRSe oe 234) 12.6 LJieo O25 
5536-97RH22 1522-25HO x 4536-97R 14.5 i 7.0 
464 Pollinator line io Lay Pale 6.0 
F66-546H3 562HO x 546 18.2 18.2 7.0 
3522-25H85 536H61 x 522-25 tc t 23.4 feo 
921 Composite of Type O's 18.8 2260 6.5 
F70-413 Inc. F66-13 13.6 2403 7.0 
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BOLTING RESISTANCE EVALUATION TEST, SALINAS, CALIFORNIA, 1975-76 cont. 





TEST 176 
2 replications 
lyrow plots, 32 ft. stone Planted: November 12, 1975 
, Powdery 
Variety Description Bolting Mildew 
7/20 8/31 8/3 
A he Grade 
555105 564HO x 8551 DD oie) 21 e2 do 
915 USS ah onl S0o1 6.0 
Bush Mono Bush-Johnson variety 2209 ap herl Diioik 
2522-29H23 5 22— 2aN0 sxe 22-29 28.9 3153 hed 
F63-569H3 562HO x 569 34.1 Dia Vises 
5522-29H21 3536-97HO x 4522-29 55710 SOG Soe 
959 US 56 Sire 2 40.5 6.0 
Dep 1 Line from Deprez 43.3 59.4 6.0 
5942 Inc. RW 880 60.0 66.6 6.0 
FCA UL 731098H 46.5 IDded 5.0 
AC 10 American Crystal hybrid 74.0 tie Jia 
5937 Inc. Ramonsk 06 65.3 18.03 Oc 
5959 Inc. Ramonsk 023 Dose 16> Dog 
FCe3 69-9440 82.0 86.6 4.5 
5938 Inc. Ramonsk 09 86.7 86.7 Soh 
R653 Uladovsk 20mm Sid Siren Soll 
5941 Iso. Inc. Yaltushkovsk mm 87.4 87.4 4.0 
FCs12 731099H S Gnu 90.0 5<0 
GW D2 Com. hybrid 9243 92:33 6.0 
AC 5 American Crystal hybrid Der 96.1 4.5 
UL 8 Com. hybrid 05 3 96.2 8.0 
5941 RS Inc. Yaltushkovsk mm 96.6 a/20 4.0 
Yugo 89 4n line 96.0 98e1 3.0 
Am 7 Amalgamated variety 100; Ors8 100.0 8.0 
5967 Beta maritima (comp. Denmark) a3 100.0 6.0 
5968 Beta maritima (from Beltsville) 100.0 100.0 6.5 
Coons 1 B. vulgaris x B. maritima 55 .4,.7 100.0 6.0 
Coons 2 B. vulgaris x B. maritima 58:2 my 100.0 7.0 
Inbred 
he Wy, NB 6 0.0 0.0 6.5 
2547 NB 5 0.0 1 sek 4.0 
25545 180. NB 4 00) 3 4.5 
4536-97 CTR inbred 4.6 4.6 5.5 
JOD Ince 38551 (Iso.) 6.1 6.1 ea 
3522-25 CTR inbred 5.5 Rez qu 
5504 Inc. 3(2561laa x 3536-97) 8.0 9.0 6.0 
5505C2 Sj (2563aa x 1502 Iso.) 9.0 113 7.0 
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BOLTING RESISTANCE EVALUATION TEST, SALINAS, CALIFORNIA, 1975-76 cont. 








TEST 176 
2 replications 
1 row plots, 32 ft. long Planted: November 12, 1975 
Powdery 
Variety Description Bolting Mildew 
7/20 8/31 8/3 
& vA Grade+ 
4554 NB 4 8.9 Qed 4.5 
5522-29HO 4522-25HO x 4522-29 Lig / 14,8 7.0 
5506C2 S17 (2502aa x 1565) 15.5 res) 7.0 
5536-97R Inc. 4536-97R 12.8 18.1 Jeu 
4536-97HO CMS of 536-97 16.1 18.4 i oh) 
3522-25HO 1522 22500" &~ 1522-25 12.4 LOG2 Tet 
4522-29 CTR inbred Lo. 2 al: Jal 
F63-546 mn inbred 24.6 24.6 6.0 
5522-29 Inc. 4522-29 26.0 26.0 7 <Q 
3592 once 4592 204 L iS ead 16g 
3565HO 564HO x 1565 29.6 3 Lo eae 
5564H0 4564HO x 4564C1 24.3 SS abl ow 
F66-562 mn inbred bree) Seed, Ven 
5564Aa 4564aa x 4564C1 26h eee Heo 
5536-97RHO 3536-97HO x 4536-97R pees a ew 
F66-562H0 CMS of 562 38.9 Be 7 3 
F64-550 mm inbred Jos 41.9 6.0 
5564 Inc. 4564C1 36,0 FE hk 7A® 
3565 one, 1065 40.5 44.6 7.0 
F66-569 mn inbred 40.2 46.0 to 
F66-563HO CMS of 563 49.7 Ds O Zio 
4539 NB 8 50.8 cel. 8.0 
1502 Sp. NB 1 50.9 61.8 8.0 
SLL NB 2 73.6 eee Wad 
Mean Bilin OLE 62.98 -- 
7D G05 Ls IS Te hcl -- 
Coefficient of Variation (4% ied Gu -- 


*k Exceeds the 1% point of significance (F = 1.59). 


1/ 0 = No mildew 9 = Severe mildew 
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TEST 276. BOLTING AND POWDERY MILDEW RESISTANCE 
EVALUATION TEST, SALINAS, CALIFORNIA, 1976 


2 replications 


l-row plots, 32 ft. long Planted: November 12, 1975 
Bolting Powdery Mildew 
Variety _____Deseription ___—-Souree*/_7/20_8/31 8/9 aaa 
vA io scores 
464H8 F70-546H3 x F66-64 Spence 6. Oeics died 
US H1OB Lot 1068 Oregon 5. /eaLO ish 
517H8 F70-546H3 x 417 Spence Li Oe Lee (ie 
517H29 (C7 1GHOe x2 C536 axe L7 Spence a Jas 
Toe (COO2HORXB CT IG) moerds, Spence 4.0 8.0 La 
5 I7H33 (C718HO x C546) x 417 Spence 8704-1120 720 
523-5H8 F70-546H3 x 417-1 Spence em moet 7.0 
523-5H12 F69-546H4 x 417-1 Spence eon BOs? is 
523-5H31 (C562HO x C718) x 417-1 Spence TO, ae LTO 8.0 
523-5H33 (C718HO x C546) x 417-1 Spence Ge) ec 8.0 
5717H8 F70-546H3 x 4232 Spence 303 OU leo 
YoLZHS F70-546H3 x Y417 Spence TO. On wet tan 
E502H8 F70-546H3 x E402 Isolator Jka ere L 8.0 
E506H8 F70-546H3 x E406 Spence 13260 1356 8.0 
E534H8 F70-546H3 x E434 Isolator ys me Sry 8.0 
E536H8 F70=546H3 x E402,5,6,34 Spence LO" Ga ues 7 isa 
E537H8 F70-546H3 x ERS 813 Isolator 5.05 46-9 fan 
E538H8 F70-546H3 x ERS 413C Isolator OF AO eo 8.0 
E539H8 F70-546H3 x ERS 013A Isolator Stk ee ie 
S-435H Hybrid Spreckels Sao theo 8.0 
S-445H Hybrid Spreckels Gos 10.0 Lau 
S-101H Hybrid Spreckels Vode lel 8.0 
517HL1 4740H2B x 417 Spence 16 ce ss ti 
51 7BG2 4741H2 x 417 Spence Soe hed Tre 
SL7 His 4789H2B x 417 Spence 1632-—-22-<1, tos 
517HL4 4790H2B x 417 Spence SID]. dae 
517HL5 3791080 -x 417 Spence Lk -OGaL has 
517HL6 4796H72 x 417 Spence 9 Geshe 0 ree 
517HL8 37/3aa-x 417 Spence LA 2a ed. rane 
S17 BLU Di iabaarxarls Spence 42) De 8.0 
517HL14 4791aa x 417 Spence Sree) Tes 
517HL15 4791Baa x 417 Spence LO. 3m le 8.0 
517HL17 4791Daa x 417 Spence 19S Se ee Oes 720 
517HL19 31/1 Osae sae Ls Spence 2 lao. U 6.0 
517HL20 S/ilaasxe41/, Spence 255 Cee Ow 
pipes Heeae 37 /faagxeal7 Spence ype 9.5 8.0 
5S 1L7HL22 4775Baa x 417 Spence 65,05 46.0 ie 
SL Aues 4776Baa x 417 Spence 14k es deo 
517HL24 4777Baa x 417 Spence Lee oes TaD 
517HL25 4775aa x 417 Spence 9 Oo 7.0 
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TEST 276. BOLTING AND POWDERY MILDEW RESISTANCE 
EVALUATION TEST, SALINAS, CALIFORNIA, 1976 cont. 


Bolting Powdery Mildew 
Variety Description Sourcel/ 7/20648/31 8/9 
ke he Score2 

517HL26 4776aa x 417 Spence Los0ee22.6 8.0 
517HL27 4777aa x 417 Spence Lesa 750 
517HL28 4755aa x 417 Spence 1463 2b60 0.2 
517HL29 4792aa x 417 Spence Dee oa. 8.0 
517HL30 4793aa x 417 Spence 1169S 2449 8.0 
517HL31 4794aa x 417 Spence 959  1o.6 8.0 
517HL32 4795aa x 417 Spence ipaSeeee nu 8.0 
517HL33 aigvaa x 1417 Spence 2953 o6U io 
517HL34 4798aa x 417 Spence eee Let aL leo 
Y501H8 F70-546H3 x Y401A Spence Zils 2o se Jno 
Y501H29 (C718HO x C536) x Y401A Spence 15.05 22°7 in 
Y501H31 (C562HO x C718) x Y401A Spence ig o> 2159 Too 
Y501H33 (C718HO x C546) x Y401A Spence 17 <> 926.4 6.5 
Y501HL3 4789H2B x Y401A Spence eo SO.n 7.0 
Y501HI4 4790H2B x Y401A Spence 1O3G7 Agee py 
Y501HL5 3791H80 x Y401A Spence 15-0, 2ae0 7.0 
Y501HL6 4796H72 x Y401A Spence pee ee LU 
Y501HL35 Y417H72 x Y401A Spence E2Rom eee 7 7.0 
Y522H8 F70-546H3 x Y422 Spence Bae oe 8.0 
mo22H29 (C71ShO k C536)" x. Y422 Spence Dee Ose 8.0 
Y523H8 F70-546H3 x Y423 Spence Ose. BOCs Dick 
Y526H8 F70-546H3 x Y426 Spence 2250 we at TeV 
Y417H3 F66-562HO x Y317 Spence Deo. LU. 8.0 
Y417H72 CPLSHOaxe S17 Spence ys eae es) Te 
417 Tice, 1oA (Cll) Oregon 4.0 10.0 6.0 
517 Ine. 417 Spence l2s0 L950 O50 
417-1 BRS 813 Isolator B.2: Bo.2 5.0 
523-5 ine," 417-1 Isolator Bem ata e 6.5 
523-5 Inc. 417-1 Spence Avi, S0ed Jad) 
mol7 Ine. "1417 Isolator AieDd 20eo 6.0 
Y517HO Y¥417HO x Y417 Isolator B50. aL Ue L 6.0 
Y517 Ties 1eL7 Spence 11.4 48.9 6.0 
Y517HO YoO17H0 = 1417 Spence 1Oo sme pane 
Y417 ENC er OL! _ Spence 1b. 2057 Aw 
Y417HO VOLT? S32 YS1/ Spence 1L0.9~ [4,0 050 
5201 Od3-xIS252 G.H. 2 LP eel 6.0 
5202 anc. o215 tsolator 31.1 35.2 6.5 
Y402 me." 2216 Spence 19.4° 29-6 6.5 
4254B BMRS 3213B- feolacor “/4.9° 76.9 6.5 
4255B BMSS 3214B- isolator’ ~~59,2. 6722 6.9 
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TEST 276. BOLTING AND POWDERY MILDEW RESISTANCE 
EVALUATION TEST, SALINAS, CALIFORNIA, 1976 cont. 


Bolting Powdery Mildew 
Variety Description Sourcel/ TL 20SS8 Sr 8/9 
he h Scores 

4272 3257 interse Res’. ota.) 415. Gme Loe? 6.5 
F70-13 Inc. F66-413 Oregon 2). cae Le eis 
E502 Inc. E402 Isolator OVO calLaer 7so 
E506 Inc. E406 Isolator 11.65,.0.0 7.0 
E506 Inc. E406 Spence 30.45.5960 ive 
E534 Inc. E434 Isolator 6.4 7.6 7.0 
E536 Ine, © £402,55.00.34 (C36) Isolator 13<Sealos5 6.5 
E536 Ine. H402.5405545(C50) Spence 2150. 245% 4, 
E537 ERS 813 Tsolator 7.6 7.6 6.5 
E538 ERS 813 Isolator hele 2a Ono 
E539 ERS 013A Isolator 1.2404 LOM 6.5 
Y501 Inc. Y40]A (C01) Spence 24.9 36.6 6.5 
Y401A YRS*YZ0L Isolator ZL hiehae co to 6.0 
oS Inc. y25le (G3) Spence 15.068 1426 5.0 
4247 BMRS 3209 LsOLator- ~ 4/500 546% 645 
4276 3261 interse Res esta. 956.97 640.0 7.0 
Y522 Ine. ¥422 (622) Spence load Lose Fed 
YA22 YRS Y 222A Isolator 2 Oe ee ot ia 
Y333 Inc ey Zoo Spence LOA A 1One Tied 
4249 BMRS 3211 Tsolator AD ig? Did. O 6.5 
A273 3258 interse Res. Sold. gil.) elo. 1.0 
Y518HO Y418HO x Y318 Isolator Mite Loe? 5.0 
Y519HO Y419HO x Y319 Isolator 5.0 ied Da 
Y520HO Y420HO x Y320 Isolator Lae 5.5 Seu 
4256 BMRS 3215 Isolator 2LOM tale O 72 
4258 BMRS 3217 Isolator 305 2a ane: ee 
Y421 ine? iy Spence “1.3 .odse Dsd 
Y405 LSRS Y¥234,5,6,7,8 isolator 60.7 18455 6.0 
es In¢ ex425 Spence 2050) O9ed 525 
Y526 Inc. Y426 Spence S163 520450. 6.5 
Y416 RSeYa lo Isolator 11,4, Poae 50 
Y430 YRS Y230A,B Isolator 26,0 25250 8.0 
Y439 Inc. 4339 Spence 3355/0 dele 6.0 
Y440 Inc.3254 Spence 4. Se sS 6.0 
Y441 Inc ys2pD Spence 24.2 e29eo 6.5 
Y442 Inc. 3256 Spence 2452 Bi.2 8.0 
3204 Inc.sAcce 125a(Clei4) Tsolator 92. Wain 7.0 
3205 Inc’®Acesw 12/4(Clat 7) isolator 98237 23557 6.0 
3206 Inc. Ace. 128, (Cleij) Isolator 3653 poans 6%D 
3207 LNG re ncChwmicy (Clas) ) isolator 1295 — 20.6 55D 


TEST 276. 
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BOLTING AND POWDERY MILDEW RESISTANCE 


EVALUATION TEST, SALINAS, CALIFORNIA, 1976 cont. 


Bolting 


Powdery Mildew 


Variety Description Sourcel/ 7/20) 6/31 8/9 
ie 7. 


4789 
4790 
5740 
5740HO 
5741 
5741H0 
5742 
5742H2 


5742H3 
5742H72 
5743 
5744 
5744H0 
5745 
5745HO 
2755 


5755H2 
5755B 
5755BH2 
5756 
4791 
4791D 
5791B 
S791F 


5791G 
5791H 
57911 
2/915 
5791K 
aa oie 
5742H8 
5743H8 


5791FH8 
57911TH8 
5791 PH8 
5742H37 
5743H37 
5791FH37 
57911H37 
5791PH37 


3789aa x A 

3790aa x A 

4740aa x A 

4740H2B x 4740 

474laa x A 

4741H2 x 4741 
3791(T-0)Claa x A 
3791H80 x 3791(T-0)C1 


F66-562HO x 3791(T-0O)Cl1 
C718HO x 3791(T-0)Cl1 
3791Claa x A 
¥RSeo7O9aavx- A 

4789H2B x YRS 3789 

YRS wo /90aa sxe A 

4790H2B x YRS 3790 
4755Baa’x A 


4755H72 x 4755B 
YRS 3755aa x A 
Q755i/ 2° = YRS’ 8755 
4755aa x YR,MM,Sf 
279la-HGSaa x A 
279la-HSaa x A 
4791lBaa x A 
3791-HGS (S})aa x A 


3791-HGS(TC)aa x A 
3791-HGS(Sib)aa x A 
3791-HS (Sj)aa x A 
3791-HS(TC)aa x A 
3791-HS (Sib)aa x A 
3791-LPM(S;,Sib)aa x A 
F70-546H3 x 3791(T-0)C1l 
F70-546H3 x 3791C1 


F70-546H3 x 3791-HGS(S}) 
F70-546H3 x 3791-HS (Sj) 


Spence 
Spence 
Spence 
Spence 
Spence 
Spence 
Spence 
Spence 


Spence 
Spence 
Spence 
Isolator 
Isolator 
Isolator 
Isolator 
Spence 


Spence 
Isolator 
Isolator 
Spence 
Spence 
Spence 
Spence 
Spence 


Spence 
Spence 
Spence 
Spence 
Spence 
Spence 
Spence 
Spence 


Spence 
Spence 


F70-546H3 x 3791-LPM(Sj,Sib)Spence 


Y417HO x 3791(T-0)C1 
Y417HO x 3791Cl 
Y417HO x 3791-HGS ($1) 
Y417HO x 3791-HS ($j) 
Y417HO x 


3791-LPM(S1,Sib) 


Spence 
Spence 
Spence 
Spence 
Spence 


21.2 
12o 
18.0 
1G. 
18.2 
1.3 
20.5 
16% 


15.0 
12.4 
14.5 
1950 
17.2 
10.6 
2070 


35.4 


So eh 
yee 
25.8 


PRP 
oe 6.208 es 
DamWOnNrFf ond 


AN HPrRPUNN OO 
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TEST 276. BOLTING AND POWDERY MILDEW RESISTANCE 
EVALUATION TEST, SALINAS, CALIFORNIA, 1976 cont. 


Bolting Powdery Mildew 
Variet Description Sourcel! 7/20 - Sho 8/9 
he h ScoreZ/ 

F71-705 Inc. C0705 Oregon 33:43" Boye 635 
F71-705HO  C0O705HO x ©0705 Oregon See ee 625 
3705 Inc. 2705 .(C706) Spence LayOr Ae as 6.5 
3705HO 2705HO x 2705 (C706HO) Spence Loe  P3iy2 re 
F74-718 Ine. G2718 Oregon 12 2ae 197 Fag 
F74=718HO » C2718HO x.C2718 = Oregon L3' 0p plored 6.0 
3718 Inc... 2718s, (G78) Spence SoG & 12 oS Os 
3718HOB 27 1GHOsee 27 LB etCELGHOD Spence og/, dit digtt 
5718 Inc’. Sf sr Cls0<.) Isolator 3.0 5.0 8.0 
5718HO Ine’. “3716H0 Cisas)x 3715,C iso. me Drm aL vee Pes 
5701 Inc. 3601-5C1 Isolator LRSt Lb Peo 
5702A Inc. “3798-1,2,455,6 Tsolator 5 od Olal Be 
5703A Ine... 3793-5, 10-11 Isolator fie) stone 6.5 
5778 Inex, 3778-10717 Isolator Ly wilh 6.6 6.5 
5779 Ines! 37 7oa7eL6247 Isolator so De ae ae. 2.0 
5780 Inc. 23/50=4>67 7.40 Isolator 0.0 eu die 
5788 Inc. 4788 Isolator L6,2y 2037 Sed 
SLs, Ine. 4232 Spence OA iin 13-97 F5 
5236 4.2322 Res.Sta. 22603 233.2 4.0 
5242-1 4282-12 Rem.« Stati. 30.07 . 32405 6.5 
5242-2 4282-28 Resiista. 444-74 45:8 6.5 
5242-3 4282-3 Res. Sta. 200° 22449 6.0 
5796-1 Inc. 4796-1 Isolator Say 9.6 0 
5796-2 Inc. 4796-2 Isolator Oe bse dau 
BOL 4277C1® Res. Sta, 24.60 92764 TaD 
5278C1 4278C1®@ Res.*Sta. gle. ger i7A& 8.0 
4791Clmm 2791a-HS ,HGSmm® Res. -Sta. pla. 8.72200 7.0 
5706-1 3791-Amm®& Rees@'Sta.s 12.47 01447 5 
5706-2 3791-amm® Ress? Sta.e.2ave) .29n0 8.0 
5770 YRS 37708 Res? r8tac7) 2469" 3088 320 
SL YRS 37718 Ress “Sta. 1530874 o30e4 635 
5774 YRS 3774 Res eos aco. eee: co 
SW 4775@ Res. Sta. 41.4 .43.6 720 
5776 47768 Ress Stag 200d 43089 8.0 
5792 479242 RessoSta2/418 (Oe LoeD 6.0 
5794 47948) ResiiStax 13¢49e15.3 1kD 
5795 4795A8) Res. Sta. dn COE LILA? 75 
5797 4797A2) Resi Stat oy 203 One 2566 545 
5742A Inc. 3791(T-0)C1 Spence 27. 1eto10 6.0 
5755BA YRS 99755 Isolator ees oe ao 
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TEST 276. BOLTING AND POWDERY MILDEW RESISTANCE 
EVALUATION TEST, SALINAS, CALIFORNIA, 1976 cont. 


Bolting Powdery Mildew 


Variety Description Sourcel/ 7/20 8/31 8/9 
hk he Score= 


5744A YRS 3789 Ts0 lator tea 7.09 22268 8.0 
5745A YRS 3790 LGOiaLOL eel cote ho oe Teo 
3705H3 F66-562HO x C706 Spence Inet 7 iD 
3705H72B C718HO x C706 Spence Y dae LO 1 
3546H54 C706HO x F70-546 Spence L4eliz Gok Tap 
3718H3 F66-562HO x C718 Spence LO P2212 7.0 
3546H72B C718HO x F70-546 Spence Liem. isp 
F70-546H3 562HO x F63-546 Oregon Oba “1540 720 
5701H72 C718HOB x 3601-5C1 PEG LACOT Sarl) a0 mac ol 7 odd 
5702H72 C718HOB x.3798-1,2,4,55,6 Isolator 9559 OL 2S 8.0 
5703H72 C718HOB x 3793-5,10,11 Isolator A Ueno 52 BD 
5761-3H72  C718HOB x YRS 3761-3 Isolator orten © tye, 6D 
5778H72 C718HOB x 3778-10,17 Tao Vcore ee 1326 22 eo Die 
5779H72 C718HOB x 3779-7,16,17 Isolator 5.0 pate. 4.5 
5780H72 C718HOB x 3780-4,6,7,11 Isolator OU roe 6.0 
5788H72 C718HOB x 4788 Isolator BaeLoeo 4.5 
23 42298 Res. Sta. Avoeerus 7.0 
5234 42302 Res. Sta. Loe Ot et Jen 
235 42318 Res. Sta. 29.0 43.6 7.0 
5237 42338 Res Sta s.161595 A454 Del) 
5238 42348 Res. Sta. 100.0 100.0 --- 
5239 4235@ 12h TR oot: es oP aa | a 8 7.0 
5240 4236 Res. ota. 20.0 22.0 3.0 
5241 4237@ Res, potas. 55.0 /9.5 6.0 





1/ Because the environment under which the seed was produced appears to 
affect the subsequent bolting tendency, the source of the seed is given: 


Spence = Spence Field increase; Isolator = greenhouse isolation chamber; 
G.H. = bagged plants from greenhouse; and Res. Sta. = bagged plants from 
field. For an equivalent increase the bolting tendency is usually: 


Spence> Oregon>G.H. ZIsolator. 


af Powdery mildew scored from 0 to 9 (0 = no mildew, 9 = severe mildew). 


- A22 - 


‘perqut ‘aTTyzes-sITes = O9L 
‘parqut ‘aTtyzej-gres ‘sutypToquou = 9g_N 
*sIOVETOST esnoyuset3s ut GJ6T UT peonpord peag 


c 


" 





Lt Lt Lt ce G2 €2 9 0 0 OOT 8 09. ad OT2S 
TS OS 6E LE 42 ob G T 0 06 09 * OHO9L ye SWOOT2S 
On ie of 92 6T OT € 0 0 TUL 09L x (9aN X OHOQL) SWOTT2S 
et au 9 t € c 0 0 0 ely Yu x (9dN Xx acacia cs SWOST2S 
LT OT OT g € 2 a8 0 0 Lat ® u(yo9, X II9gN) i GTeS 
€ ic rc is O 0 0 0 0 88 OadN x al wi SWOET2S 
Sg T a c 0 0 0 0 0 68 OGN X (9GN X OHOYL) 18 SWOHTeS 
0 0 0 0 0 0 0 0 0 OT 8 ae ef eles 





‘osnoyuser3 ut s8eq Jepun Sutssozo sted fq ¢)6T UT peonportd paag 


‘osnoyuser3 UT s8eq Tepun Sutsso1o ated Aq 416T UT peonposd peas i 





‘SIOVBTOST asnoyusets UT +L6T UT peonpoid peas : 
66 66 G6 €6 Sg gL LS LG i 2ST O-22g9dS = eedS *oUu <a 2002H 
£6 €6 Q8 98 6) 89 9f G T ZOT eed X (deeds X LTO) ) sda “0zeS 
86 86 46 46 29 gL 4S 82 T Tae ecdS X (2édS ¥ LTO) doa atten 
9), €L S9 6S Ot € 6T tH 0 929 (ecdS ¥ LTO) *oUl i QlOSt 
QL 9) eo ce €S ce 4 0 O GS (e2dS ¥ LTO) wi “6125 
69 69 6S LS 6€ ce OT O 0 TS (224s X LTO wi 902% 
qe qt €2 QT ET 9 G 0 O GOT Tite £9 cedex LID) 78 4 tee 
Lt qt 6€ HE 6T eT 9 0 0 62T Tne (eedsex 279) da sore 
8 L 9 t T 0 0 0 O EST 2 eee eked “eos 


uOT7T BISuey 





SuoT 935 ct ‘s3zoTd mor-T 
GL6T ‘ET tequeaoyn :pequetd suSTsep wopuer ATeZeTduog 


QL6T ‘VINNYOAITVO 
‘SYNITVS ‘SHNIT FIAILAHOSNS ONIGIOM X INVLSISHY ONILIO€ JO AONHCNAL ONILIO€ JO NOLLVATVAT ‘OLE LSAL 


- A23 - 

























¥%%6 ° SS x%G° 87 SN **%0° € 47° 7 *%0°9 ¥%%6°6 ont eA JW 
OmeG 9°€ C°S uoTWJeTAeA FO ZUSTOTIFIOO 
0°9 GEC LS9 

SeOG 9°71 GSI ORE 86° EL cy LE OS? OT uboyy 
G°LS O°?sS 94T 0°0O €0°€T Ge GS O17‘s CECY X €HOVS-OLA SHZTLS 
Cl0e 6° LT TOT c°0 Lia? IZ°ve O8l‘6 Ptaq4H sToyoeadg HS€%-S 
C.otk ete HOT L°0 02° VT HL°VE 048 ‘6 890 401 qOTH sn 
C°ZE GeGe 847 0°0 9L°ET 062962—0S1-01 (1S) SH-T6Z€ X OHZI7A LEHIT6LS 
L°ST %° OT OST Lee T68CT. = CL" 9€ O61 ‘OT LIVA X CLHLO6-9ESE 6CHLISA 
Omar G2EL VATAl 9°T GT° ET 7C°6E OTE ‘OT I-Z17 * €H8TILE LTEHS-€2S 
ORL G° YI c9T C20 G7° VT CL°9E 0747‘ OT ee £e*7-o07ed X €HOVS-OLA 8H90S4 
6°61 8°ST €9T 8°0 vE° VT L8°9€ 09S‘OT (9€9) vE‘9‘S*ZOvH X ECHOVS-OLA SH9ESA 
0° vT tee S 8ST 8°0O GL’°ET L9°8E€ 079‘OT T-Z17 * €H9VS-O4A 8HS-€2S 
Lome Sal 8° OT 9ST Cot 99° €T 9€°6E OSie0t L117 X €H8ILE TEHZTS 
L°82 tou L IST OST GLOVE G6°LE 09L‘OT VIOVA * CLHL6-9ESE 6CHIOSA 
c°9T aval LyT Gel 99° EI ov" 6E O8Z‘Ol ptaqhy s[eyoeadg HLOI-S 
8°9 0:6 LOI G°T EDSGt GG°*8E 0S8 ‘OT L1”7 * @LHLO6-9€ESE 6CHLTS 
T° 9T 8°OI COL €°O G6°7T L8°9€ 0ZO0‘ II 79-994 X €H9VG-OLHA 8HV9V 
et Liat 94T Tikal 6L° 471 a) CaS eal ptaqsyH sTeyxoe1ds Nn HS447-S 
toes L 6°6 €ST 8°0 SOSEL GL°CV 0S9‘II CCVA X¥ CLHL6-9ESE 6CHCCSA 

qusd1eg Jus 0IEg aaquny qusd10g Jus dig suo], sSpunog 
o€/8 OZ/L ,O00T 0% esortons Sj90g Aaesnsg uoTjdT190soq VOTAeA 

Sut [og But [og /s390q 007% PLIOTA PA0V 

9161 ‘6-L tequejdes :pejsearey SuoT “23 ZE ‘szoTd Mo1-Z 
GL61 ‘ET APqUeAOCN :poqjuetg suoTjeot{dea 4 


9L61 ‘VINYOAJITVO ‘SVNIIVS ‘LSHL NOILVN IVA CISIA GNV DNILIOR °9LS LSAL 


- A24 - 


























**8 ° VT %*9°S SN 9° we7°SG eG? 1 onT eA J 
Oger 139 WS uoTIeTAeA FO JUSTOTFFIIOO 
LO icy Lowe 
9°0 6c1 Cec cS El o7°6E 079 OL ueoW 
S°O Eel TEC cor oL O€° SE OST ‘OT LIVA ¥ CLHL6-9ESE 67CHLISA 
Ca 8Z1 7° T OS*E€T Lo°SE OzE ‘OT 8901 301 OTH sn 
0°O CET Pat SUSE €e° SE 0S? ‘OT Liv X €CHL6-9ESE 9EHLTS 
0°O CEL Ge] See pavres | 60° 07S ‘OT L17 * VHISS8 LIHZLIS 
Cc. 0 VEL Coe 8S°ET cO°6E 06S ‘OT LI” X CLHL6-9ESE 6CHLTS 
2°0 8cl 7°? T9°€T Gv 6E€ O7L‘OT I-Z1V X €HSTLE TEHS-E€7CS 
7°O 9CI Cuc 7G° EL 9¢° OV 088 ‘OL €1s8 * CLHS9SE LCOHLTY 
Cal 8cL €°? CyeeL G9° 0 08s ‘Ol COVA X CLHLE6-9ESE 6CHCCSA 
ODA Lot ceo 88°EL Lee ot 08s ‘OT VIOVA X CLHL6-9ESE 6CHIOSA 
e.0, 6cL1 Ce 78° ET €S°6E 0€6 ‘OT LIV * VYH9VS-6SH CLHELS 

qus010g aequmn qUd010g qusd10g SuO], spunog 

SuUTITOg i001 30% asoions Sqoog aresns uot jdtT1ro9seq JOTICA 

/s 20g 00y ~ PLOFA St0V 

9/61 ‘6-L A9quejdeg = :pejsearey SuotT *33 ¢€¢ ‘sjoTd Mo1I-Z 

9L61 ‘£L Azenuer :poquetg etenbs utIeT OT X OL 


9/61 ‘VINYOALTIVO ‘SVNITVS ‘LSHL GIudAH °9L9 LSAL 


- A25 - 























¥%%6°T x*xE° 17 we? TS 68 ° 7 6° on[T eA J 
0°9 O27 9° Lae UOTIeTAeA FO JUITOTFFI0N 
Pee Ge 68°T dst 
O€T RE OS°€l CL°OV 06601 uray 
ET eo SE°eT BL°SE OLS‘6 ZEZY X €HOVS-OLA SHLILS 
671 9°¢ hO<G-E ZE“SE 056 ‘6 Liv X BeT6LY YLTHLIS 
671 Cork SiEGI €7° OV 0¢€9‘OT (9¢€9) ¥vE‘9*S*ZOvH * €HOVS-OLA SH9OESA 
LZ1 Loy CCGeL LE°OV 099‘OT (1S) SH-I6Z€ * OHLIVA LEHIT6LS 
TET 0°” OF-EL €8°0OV 069‘OT LI” X AZHO6LY IHLIS 
Por 9°€ 9S°E€I 2S°6E OZZ‘OT VIOVA X AZHO6LY WIHIOSA 
ZET 9°L FERC L7°0Ov OZL‘OT Ll” X dZHOVLy TIHLIS 
€Z1 Cac Sercl 67°0V OSL‘OT LIv X BeELlE STHLTS 
LET CC Toe cL GZ°0% O8Z‘OT 8901 301 @O1H sn 
€Z1 8°9 67° EI €8°0O"V O0S8‘OT LI” X GZH68LY ETHLIS 
Ccr Co} vE°ET c8°0v 098 ‘OL (1S) SDH-I6Z€ * OHLIVA LEHATELS 
£71 L%t FESS 90°07 028 ‘OT LI” X €H97S-OL4 SHLIS 
TEL E°v 89°€T Se°Ov O€O‘IT I-LZIv X €H97S-OL4 SHS-€7S 
Eel ot 19° El 6°07 OVI ‘II °°° e% 7-900 X CH97SG-OLA SH90SAH 
O€T er 82°41 67°6€ O@Z ‘II 97VA X EHOVS-OLA SH9OZSA 
Tel 9° O8°€T TA07 O€Z ‘IT Ll¥v X @HIVLY ZIHLIS 
SZI 7°€ oy" El c8° Ly OSZ‘IT ZZVA X CHOVS-OLA SHZZSA 
8ZI date 98°ET LL°OvV OO€ ‘TT VIOVA X AZHESLY €ETHLOSA 
EET g°¢ 9€°€T 87° 7H O¢o11 LI” X POHSTLE ZLHLIS 
Sel lame CSGnL 6S°CY Ove “TT LI” X €H8ILE TEHLTS 
SZI e°? 97° CT Ge°tH CLOSE LI” X AZLHOVSE €EHLIS 
YET Tse 67° CI 9€°CY 007‘ TI ZCVA X CHSTLE ITEHZZSA 
€€l (nas Cr ter C8° ly 067°TI VIOvVA X €H9VS-OLA SHIOSA 
O€T 6°€ SL°ET 06°T” O€S‘IT VIOVA X €H8TLE TEHIOSA 
ET a0 21° 4T Cro? O19‘IT 79-994 X €H9VS-OLA SHY9¥ 
TEL Dal 68°EI 8l°7y Oss‘TI €ZVA X €HOVS-OLA SHEZSA 

a9qunN qus0todg qUs9019g suo], spunod 

,O0L OY 9sotONs sj7o0g atesns uoTAAGCTANSoq AITAPA 

/$39°9g 100% PLETA vLOV 
9l61 GI-EL A9quis 3S > peqsoAsrey uot Sieh cE SOT MOL-Z 
9161 ‘ZL Aazenuere :poejuetg suotjeotT{Tdez g 


9161 ‘VINYOAITVO ‘SVNITIVS 


-SRL Ginga 2 ".97 7) 1Sa1 


- A26 - 


°(89°Z = J) DOUPOTFTUSTS JO [OAST YT Sy SpeddkX yxy 
°(10°Z = Jd) BOUPOTFTUSTS Jo [eAeT YC Sy} Spesoxgy 
*qUueADFFJTp ATIUCOTFTUSTS Jou Ooze UOUMIOD UT A9qJOT © YIM suvOW perTeg 
“TeAST ZIT P4r 32 
e8equoorzed ssozons pue prTeTtA AzeBns AOF peAANDSO suOTIOeASRUT MopTtTw x AJZoTAePA JUPOTITUSTS 





99°T KROL L #eSCo’ xe OT °€ *%SS°OL +%x6l°SC ONT eA J 





8° DOTS Teg UOTIeTACA FO JUSTOTFIOOD 






























97°C L9°Z 0°8 TOL! 
€°6 gS8'9€  ,09°04 6°OT_ qeZ40' OL 29S2 ‘11 urea! 
ICL OSeie ~The 9e OTT EVL‘8 068 ‘6 “Tes *[O2 ATTA spojewey 08g Mu 
Z°8 wee le LIE OF GS coy0L  <cOIbIL (uetssny) wu ysAoZYsnITeA ¢S9 
ed vl°LS 18°07 Coe ZSE ‘OT CST ‘TT VLH sn SHYIE 
2 ES-O7 > Se 7y 6°OL CvVI-Ot OFZ °IT LID X VHISS LIHLIS 
ne T H7°9E ~=—s CL GE 7°83 UlreUle  LLCsLT (uetssny) 60 ysuowery €79 
ay Gece. 672 a5 aol €78‘6 767 ‘IT AVOTAPA YSTpes owoj AA 
L°83 "OS; 9G Ter 6r 9°6 LCo. Ole “GOGAT (uetssny) 90 ysuowRY Z479 
or 7O°8E 726°O T°O1 T6T‘OT 98€‘°TT GOTH sn SHLIE 
WG. OS ic ove 9° 9T 067°6 GOv ‘IT LID X OHL6-9€S IZHL17 
CoOr Yoive” “evga eT GTO OL eS? LL (uetssny) €70 ysuoury 449 
CTL O° Garey ¢°St 9LS‘°6 OSLaLI (uy) LID * PHISS ~~ ZTHLZTS 
0°” 97°8E€ 10°O% 1°? TSO°TT S82 -TT ptaqsy Te3shap ueotrewy <TE-7cLs 
qus02 od suoy, suo], quV019g spunog spunog 
SSOT MOPT IW yooyp SSOT MIPT tw yooyp uot a TL90Soq JITACA 


Miso piste aeed ween Sinker Pl oLieaecnc maa 
9Z61 “ST 4940390 +: perseArey OTs 278 69m SIO TOmMats 7 


QL6T ‘91 YAP + pequeyg sjuewjeer} MepTIM Z 
qotd-qt,Tds ‘suotjeottdez ¢ 







9161 “VINYOAIITVO ‘SVNIIVS ‘SHILAINVA SNOANVITXOSIW AO NOILVNIVAT MACTIN AWHAMOd °9LYT LSAL 


*otow Io Jeez Z Jo sdeB puejs 20F epew o19mM sjuewjzsn[pe plot, /Z 
*“MOp[ TW e10A2g = 6 ‘MOPTTW ON = Q /T 


°(89°Z = d) BOUROTFTUSTS JO [PAST ZI ey SpossdxXgyy 
°(10°Z = Jd) BoOUPOTFTUSTS Jo TaeAeT %¢G eYyQ Spsdsoxqy 
*jJUeteTTTp ATIUeOTFTIUSTS JOU SAP UOUMIOD UT 194}70T & YITM SuUvdU poiteg 


“TeAST ZT 247 3 
esejUusdied esozons pue preTA AzAeS8ns AOF perAANDOO suoTAOeADRUT MepT TW xX AJSTAPA JUPOTITUSTS 











#ECT°6 xe LV’ 7 #*EO°SS xx €C° ST **TV°ES 496°C *2ES° LT %%96°6T OnTeA JY 
OuG 8°H QaG¢ €°¢€9 6 uoTIeTAeA FO JFUSTITF ZION 
6 8 ¢ 
eSel POEL ec 56% 6°¢€ God el’ €T e6°€T ueaW 
OTT OZI C5tt COOL Otg ESS S7 ET 9°€T *T9S *TOF ATT espojweweN OSs MY 
LET 9€T 9°0 €°O Zoe O°€e- hua 9°el (uetssny) um ysaoyysnyAT eA cS9 
Ni SET LET 7°0 {26 g°E €°0- 8°€1 L£°€T VZLH sn SHY9E 
a ZY €v1 6°T Cac Oss 8°0 Geet ra LID X WHISS LIHZLIS 
6€1 fey 9°0 au 9°Z C°0 €° 41 2° YT (uetssny) 60 ysuowey €479 
6ET cel re O*°e 8° x7 0°9 8°EL Lavi AQVoTAeA YSTpemg owozsA 
TET SEL B31 bat 9°¢ ¢*I- G°yT €°yT (uetssny) 90 YsuoweYy 279 
LET 6€1 Ee 727 8°” [2c eT 6°€L GOTH sn SHLIE 
ET 9€1 GG ci 2 8° x at [ey C277 LID X OHL6-9€S IZHLI¥ 
€ZI YET Oo ry 7°E er? 9°71 6°41 (uetssny) ¢€70 ysuowey 7179 
SET Cel g°9 Z°8 Oa 6°27 [2 ét voeE (uy) ZIO X PHISS ZIHILTIS 
wal 9vT T°O 0°0 Cat 6°C- Z SI LAUT ptaqdy [e3shAN UPdDTADUTY CIE-ZLS 


aoqunN aAoquny qus019g quUus019g TOIpely qUsItTegG JUS oOAI_ quUs0AO”g 


















































MOPTIN 9800 SePplIN  oouy MOPT IA Ss0oT_MepTIN _4oeuD WoT Id TAoseq FOTIA 
7,001/839°¢ JOY JOoY Axepmog aSOaons 

9Z61T “ST 4990390 + pezseArtey UOT tas -C Gt BAN LOrnoaee 

Q9L6T “91 YOAPW i pequetd squewj}eel} Mepl[ Tw Z 


qotd-at tds ‘suotjeottdea ¢ 


*qUu0D 9/61 ‘VINXOAJITVO ‘SVNIIVS ‘SAILAINVA SQOAUNVITSOSIN JO NOILVMIVAD MACIIN AUAGMOd “°9LYT LSAL 


- A28 - 





*TPAST YS ey. 3e JuSATSTJIp ATJUeOTFTUSTS Jou ee UOWMIOD UT 19992eT B YITM suPeyW 


"(€7°% = d) VouvOTJTUsTS Jo Qutod ZT ey spasdxXqyy 



























--- #%lZ° SE #819 *x*xS9°TT x%xO0L°S enTea J 
ifs EG is  uoTIeTAeA JO AUSsTOTIFJSOO 
7° T Lig 

OCT OFZ Ue ClLeee 099°OT uBay 
CAL Borol ek P0L* VE 20720 ‘6 "TPS *[O} AL TM epojzeuseN oss Mu 
SEL P8°Z Yy3g°ZT qe/6°Or qosv‘OT LID X OHL6-9€S IZ@HLLY 
rer P8°Z P°Z° FT ot Le qo9s ‘OT AJeTileA YSTpems ewo IAA 
LOT 2O77 SIT C1 qevl°ov 4099 ‘OT (Uy) LIO X PHISS LIHLLIS 
val P°L*Z u9°ZI eT COSY q069‘OT LIO- = HESS LIHLIS 
S71 poqee’T qe/° vt POV’ 9E qoEZL‘Ol (uetssny) €70 ysuowey 779 
LEl 2qe9°0 ao 2987°6€ qosZ‘ot VLH sn SHY9E 
SEI PAC 2/551 2987°6¢€ qo6L‘OT GOTH sn ‘ SHLIE 
LET qev’o 2Pg°Eel 2qI1’6E 4008 ‘OT (uetssny) ww yYSAoXYsnN AT eA co9 
Sel 2486°0 2q€° YI P26L°LE 4008 ‘OT (ueTssny) 60 ysuowey E79 
VET P246°T 20q47° HT P296°LE qol6 ‘OI (uetTssny) 90 4suowry 749 
SyT BL°O 26°41 2dEZ°6E POCL ale praqd4y TeISshAp uPoTAoUy STE-ZLS 

Ao0qunN JUVD1L9d qUuV 018d suo], spunod 
O01 70" asorzons sjo00g Ie ns uoTIAdTI9NSeq JOTIeA 

/sie0g OOF PLETA s190V 

9/61 ‘ST 2990390 :pajzseazreyH BUOT. -ateCG BS101Grmotes 
QO/61T ‘vl YOAeN 3 pequUeTg YOoTq peztTwopuexzr ‘suotjeottdezr oT 


9161 ‘VINUOALTIVO ‘SYNIIVS ‘LSHIL ALASINMVA SQOSNVITHOSIN °9L7T LSAL 


- A29 - 


*sonzTea osoyq Aq porasnf{pe orem /Z Aequeqjdssg uo pejsearzey sjotd 3y. ‘VYAONV 

elojyeg ‘*esorons 7%9°T FO sseorzdep & puke W/L 8gL°Z FO aseuUoR UT osPeTDUT O3ePADAe Ue posned AeToOp styl ‘utesr 
Jo ,S°Z °e0 Aq f£ 29qG0I90 [TIUN pekeTep sem JsoareYy A9YyIANFZ 6/7 Aequieqdeg uo sMOA ANOF BSutjsearey A97Ty /T 
*Jol y% pue Sasozons ¥ ‘pTeTA Joeq ‘pTeTA aze8ns AOF QUOASFJIp ATIUEOTJTUSTS e19M SJUSeWIeeT SNATA AOF suesyy 
*TPA2ZT T0°O 2ua 3e pleEetA 39eq pue pTeTA zAeSns AOF porAnNddo0 suOoTIOPADIUT JUSWIeAeAR SNATA X AVOTACA JUeODTITUBSTIS 





et el SN xxd° wel € xxT°€ xed° xe8°C eG’ wec°e #6 T ONT eA J 








































0 ce evcce ¢2*9 ere FEC" 076 WOTIeTABA FO JUSTITFIIOO 

G26 b c7°0 Li teat an Goeein Le, 9°8 008 0Z8 
Te G6 CL Lee 19 EPS 7 ae SG OTE G “COG Ey SOTO OC CoE uegy 
8°s CCL Min oO Cmmres- LT LmcO0 ClimeO GcomGc cousGc Gy mmmue re 01S 2en0Lr OL Livy X 8896/4 HETHLTS 
9°0 OGRE iG 2. OS STA ZO2S Es Pee GISel F0SGe_ Ae oieaO6 I= C20 eer OL Lily X BeO/LE€ 6TTHLIS 
et LeleeS Se aGf- Tio OGseL 8 Lt ~2G°6c -CClE 6° CO 80/6 9068 Ole (S901) 2 lol Chovem soles? 
LS} CEPs O50 MsOF TT Chace” SO°Se O%6c Co? 2eo"6C. SO7G"9 S0E6 OT Lily X BegQ//y EZTHLIS 
Cre GOERS BCTRS “VCE OSCE CCS ACE CVS CSO <b | 2O°8Z BOCs Y% BUGG OL Lily X BeH/1E IZTHLIS 
6° Coie Siey™ KOPP MA UGTeL*) Ie6cce OLOrce SE P7UL 2 COL SUS ZOSUSU “EL LIy X Becély ZETHLIS 
2° CC Lec ot lS C1 ee GC ECOL Oca POS 77 ee 7 OCmmUCl 2 ee OV mE Livy * BeCl/y SZTHLIS 
7°Z OEE* Oso ’ HCECET MOLFET WY Slee SESOR* E097 “Cersele066 SIF0Gr -EI Lily X B8y6/7 TETHLIS 
L*2 OSb* ECSO” SCOCST SR OGTeLS SoST CTS Sorter 7) 86 ere (027 OF OGE TI Liv X BeQ//Y YQZTHLIS 
Z°% Soke 529° DICE OSCE L Sher L Py3vel CTO” FS “0S 0L4 LOTS 11 LI” ¥ TLH96L7 = STHLIS 
6°T PORE S265 O0FSO he COOP Se SSG LG LGC 06 R LOVEE Liv * Beg/Lly YZTHLIS 
HE GE bee Pace o el OL ei cela Cae 16297L SOS GCE LOUY_ SekOvELL Livy X BeL6Ly EE THLIS 
Cee COLL a SAE OCS BClie eGo Cee ce k OG3Oro SES cco al 0b ys LL LIv X @LHL6-9€S€ 6Z2HLIS 
Z°9 Ol 27 ERB Pebble eo Se Cel acc 2c Se eG Ce Oe SAE OCEL LI Ll” X 8876/4 6Z7TIHLIS 
c°# UT RORL MOVER CC ECL moo OCi Lee Cor OFT OVE Se COLEDOO OVS: LT LIl¥ X OSHI6ZE STHZIS 
Sob Cole) Oh ec Cl ee ee Cael Gave Oly 6 em Ube pee GeGels LIv X BeTLZLE OZTHLIS 
a SCRAPES] TET Peel Ve 6d Cee ee Ty SC 0C OSL eGo TE LIy X Be//1y LZTHLIS 
€°0 COreesere* elpr+*g0 SE" oc EE Ce “CC SPA te OFF r= OGe TT LIlv X Be¢6ly OFTHLIS 
c°T 6c PUSS E? PRPC O MEP II) Se PTO Em ee MGs ORAS Wage POVOTT Ee OGo LT Lily X Begcl/y ZZIHLIS 
c°9 SCPE Or Pre Ol MOC ere So bo es ra ee oe Ce LUTE Ee. LIy X BeCcly SZ TIHLIS 
4yo0yupD aAoguUNN SSOT *O0uTyT yooup Sssoy_ *90UuT yooyp SSsOT *O0uryt yooypD uoTIAATAOSog JITACA 

30Y POUL, PARE se See Pete - 
qOOY ts {$392 V9SOAONs oh PLELTA qo90g 

/T9461 To quo 7 3S > pPoAFSOAAEH uot etek Lv SOT MOL-T 
QL61T ‘EZ TtAdy :AAMG-AAD YATM poReTNooUy sjusujzee1} SNATA Z 
9161 ‘ZT Atenagqeqy :pequetg suot}eot{derz 9 


| 9461 ‘VINYOAIIVO ‘SVNITIVS 
HONVLISISHA SMOTIXA YO GHLOTIAS SANIT WHAXDONOW JO NOLIVNIVAD ALITIGV ONINIGWOD GNV SMOTIZA SNYIA °926 LSAL 


*SUOTIIpuod SMoT[TeA SNATA AJepuN |ssoAONS ¥% MOT AOF uoTROSTSS qIS-JTeH zT UAS [ID = 9 

*suOTIIpUuoD SMOTTeA SNATA AVpuN ssorONS ¥% YBTY AOJ voTROeTES qISs-3,[eH rT UAS TD = G “*SUOTITpUCD 

SMOTTOA SnATA Aepun pjTeTth zeBns MOT AOF wUoTAOeTOS QIS-3TePH iT UAS [ID = ¥ *suOT]Tpuod SsMOTTeA snata 
Zepun pretA ze8ns AoF uotqjoeTesS sseW :7 UAS [OD = € “SUOTITpUOS sMOTTeA SNATA Aopun pTeTA zesns ysty Ao0FZ 
UOTIOSTOS GIS-JTeH iT UAS TO = 7% “ee:y BuUTJeZeAZES oRTSodwod ST TIAeJ-JTVs ‘peqoeTesun uy :OD eT fie 


°30o1 oor xy pue ‘pTeTA Jooq ‘prTeTA AeBns A0oZ JuSASTJTp AT AUPOTITUSTS Se19M SJUEW}eeA SNATA OF suPoW 





a, SN *€°C +6°C SN enzTea J 


SN oN SN +*¢0°€ 7% 

























S! SN SN SN oo GO 9 SN 8°CL 008 SN coast 
° ° > ° ° > . a Ss eS a Re Pe ee 
& CPZ LE Ts S28 PEVS CL SOOM Tee Oe OS OES TEAS Oe OSes. OCrara ure 
x 
a ey 1ZL PCO PSST PRC OVI “BErTSe OLE Geese ST 097°S 096° OT e217e xe PBDCl LEC aP OL INTIS 
6°T {Zl “GROMER CHUL PREC. O°OT ice es “SOSTh ee eS OSS Se OerTT SLIveX eel eecy LTHLIS 
cI Col “Chey wc6" Cl SC6ecl O'Soe ces 7920) @ AEE Osc “OVS EL 890L 301 GOH sn 
OFT SLL NOTG “CSCI MSHS CET Sette. “OOTTH «970s O68 7) (O0y Ge LIVsx PeHCCLeeCo) = clmnets 
uae OCF CODECS. CL OMLCTO Ce OTmeSINSS  1Oblt 1S6 80 0S Cae C0 el teed ec ec (76S) Le LS 
6°T BU “StG MOE TL MOOG Ie cottelO° ES “SIRE, LOS OSS: Oot Lives eese moms) 61HLIS 
2°47 CZl SO%Lee¥ VO Zl SCleele (OSs MOTSe “ICE Soc OOS Se 0Sel LT,” GL Lee Cle te) STHLIS 
4oo0yup A0qunN SSOT * 90UTL yooyp Sssoy_t °J0UL yooyp SSOT *J0UTL yooyup jake TAOSOG JIOTACA 
04 ,001 vf a fa 
300 fs /S39e9g VvsorzoOns he y/suoz PLIOLTA 790g V/SdII PLETA ABPSNS 
9L6L SEZ Aequejades :peqjsoAreY SU0 Tee eT ye sI07 de mor-T 
QL61 “€% TtAdy :AAM@-AAG YITM poJeTNoouy SjuewW}eeAR SNATA Z 
9/61 ‘IT Atenagey :peque{g suotjeottdez 9 


9L61 ‘WO ‘SYNITVS ‘ZIO-HLIM SNOILVINdOd €ZLL 40 NOLIVAIVAD ALITIGV DNINIGWOOD GNV SMOTTSA SNUIA ‘I-9L0T LSaL 


*T-9OZOL 3893 AOZ DROUROOF 99S Q-Z “ee:Y BUTJeZeASSS oATsodwod eT TIAVF-J[VS ‘pojoetTesun uy :09 = T 71 
*JOl JOOI ¥ pue Sssozons ¥% ‘pTeTA 4oeq S‘pTeTA Aze8ns ATOZ JUSeASTFTp ATIUeSOTFTUSTS aa00 SjuUSsUjeeT SNMATA AOF suesay 


*JOI 001 ¥% TOF ATUO poTANDDO UOTAOeADRUT sNMATA X AROTACA QUDTFIUSIS VY 


























SN x SN xx €°€ SN SN SN SN SN SN SN onyTeA g 
6°6Z 9 El eOme Fee CEOs CEL aL TSCCe ad 9°9 UOTIETAPA JO JUSTOTFFIOO 
SN 9 SN 47°0 SN SN SN N SN SN... +SN CO DAES 
Q°€ COPE OMe Leech Crevinlerce Losoce COlOve Lélee OCLele 06ES1T Ueay 
for SCLe S°VE GEktl~ SGsUL” L7G. 6426c~ SG28C. T2825 OZ 098 .0Ly (1S) SH=1620e* Onc ye LEHIT6LS 
~ 6°47 Comer eee GUC Tec to T TL EoOlGC. 90 htia Pewee 0 nbGe OSG 6 OC lea L LIlv7 * Begl6ly (¢) CLIHLIS 
2 tec Ogi. O° Ome SbGicle CoseLe /49c% iC loce Len0y, Galen OGSe. > OUcalT. LI7 X BegT6ly (9) STIHLIS 
c*9 Sore. OL Ow OLacia Gcavlt 6: 7ce 6esb6ce OS7oG TeUSe.0le-l) Ove Lr Livy * BeT6ly (Z) ITHLTIS 
pas Cll 5 Ie det Pace Lavid .Oucoe, Cus0G CCLUUN Lol Gm OGG. OGLE L Lily * BeT6le (1) €1IHZTS 
8°z Tepes Pee 0 cle. OL oi Gat CU SO ae Co OO we OF le (ES) SDH=LOLe se Ol eee LEHATELS 
LB2 OSI (6°87 e S65 cL, Sa 7yle Caoce Coscce LOL0us 995Ce Ove e Oe | Liv * BeqT6ly (S$) LTTHZIS 
VEC Cote 1 Gua LIcel © Cenvlh Oslte LOssce GOs0y" GEOGe O07 Gale -O79ele 890T 30T GOTH sn 
6°Z CoL—1—-S-8-0 8261 CSS 1+-6h60e-10262=-09 19 SLES OLSAL © OSE LTT Lily X BeOT6Ly (7) 9QTTHLTIS 
4o990uD Aoguny ssoy_ ‘ oo0uy 4yooup SSOT . 90utyT yooyp Sssoy *O90uy yooyp Tine T4A9soq AJZITACA 
30" p OOTP FG ok 

00% 4 {$3990 SSOLAONS 7, (V/ suo j PLOLTA 4909 PLOTA AeBSNS 
9/61 °LZ tequejadeg :peqseArey SOOT’ JS Le Bae eee 
Ql61 SEZ TtAdY :AAMG-AAG YITMA peje[noouy sqUuowjee1, SNATA Z 
9161 ‘IT Atenaqeg :pequetg suotjeottderz g 


OL61 ‘WO ‘SWNITIVS ‘ZID HLIM SNOILVINdOd 16Z JO NOILVNIVAS ALITIGV ONINIGNOO GNV SMOTISA SNUIA “°Z2-9L0T LSAL 


- A32 - 


*JOI JOO ¥% pue ssozons ¥ ‘pTeTA J90eq SpTeTA AeBNs AO YUSASTFIp ATIUCOTJTIUSIS 919M SJUSWReOAW SMATA AOF sueay 
*JOoLl 2001 Y% AOZ ATUO pdTANDSO UOTIOeASQUT JUSW eS SNATA X AJOTACA JUeOTITUZIS V 







































EEO SCORERS SN SN SN SN SN SN SN SN SN ONT eA J 
9 OF 76MPLIZ Coe Trt Se a Lee UOTIETABA FO JZUSTITFIIOD 
9 
6°0 671 Cc pm CCl? at 7c ao | Cer Ge 6G Oar eae (Orme Geo ues 
6°T VIL Cameo oC (er. et (ee Ce ees Pe om Cee Oe) Me ty | G-‘7-°7OvVE X €HOVC-OLA SHZOST 
Cae VET Tote) Cle Vb ee Gobet eee OU or. Yale ON Ge) a Ob le TL 890I 301 OTH Sa 
Onc 471 O° Ce Ovo | Syeet oveng mest e. Get y « Ost ee Os Ge a Oe tes | veya X CHOVS-OLI SHYVESA 
6°0 O€T €°¢ S8S°CL O€°ET 6°SE 88°le LO°EY E°6E OTOL OC9*IT (¥E06) €I-89X * CHOVS-94 6H SN 
0°0 €el C TWeCG Ck VELL ow On 9G LOLCe eG SY wt LO ml CoS mlCoraL 9 76.9 SocO 7s 0s 6G Came ee 
9°0 ZEl 6 © burch Cleclm belt me cOece™, Yon Gel mO90r eS ay eT (69%) ZOEA * CHOVS-OLA SHOVE 
0°0 871 TG Grete SUBe LA cel ein OU aL) © hee See ee Ga me 0 Se ee Oanl FL 907H X CLHL6-9€SE 67H9OSA 
€°0 Cot L’G OSS CE® OCeCLe Uesce S7eGGe Ryes7s Geese Oyvel® O9F-cE 9073 X €H94G-OLA 8HIOSA 
6°0 161 Sc COUT CTR COV Ce ET rem OUT Tem Curcy isc Ooo Le OGl cr €18 SUH X €H97S-OL4 SHLESA 
€°0 GET C9290 2 CTS G5" CT 6, 0b 6" 0S 102 77" 9-66 Ove 7 O9L cr ve‘o°S*7OvVE X ECHOYS-OLA SHOEST 
0-1 771 L-9= OSS Cl SIS Cl Ce LS 6 Ce Oye C 0y ULE > Ole cr D€TY SYA X €H9"G-O44 SHS8ESA 
ea) LET 929 =P Ch COs E66 LE ET e —e E Pr 096 0 09S" TT VEO SYA X¥ €HO"G-Ol/A SHEEST 
4yoeup A9qunN SSOT *O0ury 4yooyND Ssoy_ re) OLA yooyup ssoy— *J0UuyT yooup UOTAGTAIOSoOG AVVTACA 
0Y :00T z a 

100% Ds /$39°g V9sorzoNns iE (y/suoj PLIeELTA 490g PLELA Ae sNns 
9l61 °Z1 41990390 > PUASVAAPHY BuO, sect elt L7 *‘sjotd MOL-T 
QL6T *€Z TtAdy :AAMA-AAT YITM po zeTNoouT SJuowj}e01, SNATA Z 
QO/61T ‘IT Atenaqey :pequetg suotjeottdez 9g 


9/61 “VINNOJITVO “‘SVNITVS ‘SCIY@AH INVLSISHY VINIMYS JO NOILVN'IVAS SMOTISA SNUIA “T-9ZLIT LSAL 


- A33 - 


*Jol 3001 ¥% pue ‘asorons x ‘pTeTA Joeq ‘pTeTA AeBNSs AOF JQUSTOFJTp ATJUSOTJTIUSTS o19M SQRUSW}eeAQ SNATA Aoj suey 
*TOAZT 10°O PU3 "eR Jor Foor ¥ 
pue ‘asozons ¥ ‘pletA joeq ‘pTeTA aeB8ns AOZ perANddO suoTJOeASRUT JUSWReeTQ SNATA X AJOTAPA JUeDTITUZTS 
































areal LeeLee ceae oper Cc Carsten () a Cmeern sr (106 Caro Geman se oc Cheer | SNA 6 One le ionaatye Gulu Gat onrleaA ¥ 
8° 7 9 8°69 9°? 9°? 92 SZ en a (A UOTIeTAPA FO JUSTOTF F909 
Caz 9 Mest SLOP Dae GET O Le T22™025 
G°Z Gor TiSPSCCe CL enlL6°Clerd: Sa BE i0l 2 OSL ChieZ’ Te 09b Lh OC0711 uray 
EO 9II COT “GIN C9 Se OR EO LOU EST 08658> “060 OL (£10) WERL ° SUL Liv 
Et 61T We SiGe COlSE 6° TE SE"e% Zé-1h- SHE 096°9- OLS OT (709) (6X) ZOEA SUA ZOv7a 
F< ZCI CG SSCe ClCH AWE -(C37G OF TY Tee 076958 OTe OL €18 Sua Lesa 
Gas 611 Tie 0 cle SY cle Clea GL OCS 06S ey Ce OCF CLL OT (8970) €1-99d ° OUT €1-0ld 
8°Z SIT COL Lire SG Gy 69°7O TeeTy Sack OZESS: OF OT (SZ Sn) 898 °9UT 897 
0 C71 C7 Siete OSs vce ‘SONCCSS 60°C el LC? O56 CFO TT VEO Sua 6€Sa 
0°O 611 Ceti Ces Oe cee ye Ti Cyl 6c Ocyee Oy OAL Heyg * our vESa 
0°0 E71 Oct wOcec ie Coie Che. piles OS £ ye Cote ONO OC tedden (909) 7 en9 8 ClO Pa UT 9ESa 
9°0 971 Qele SC Gal ee Otccie Given W Oant. eed One OCOeR. OVI TT 907A * OUT. 9064 
0°0 Gon 160A Gece 7 Sele ec. 09h re CGS Cy Se et Oy Ore TT C-‘4-*ZOvA * OUT ZOSa 
6°S O2T DieyeeOGect meor ols -G° hc, MOSTIC O° 77) Ci ce. COLL Wa 00S iL €1-OL4d SSa Ov”Sa 
€°0 CET Z°6 LO°ZL €O°VL 6°27 EV°7Z S6°7Y Y°S7 O6T‘9 OSOSZI (9€00) 94S-€94 * OHZ9S €HIYS-OLA 

yooyp aoqunN Sssoy_ Sous yooyp ssoy *O0uy yooup Sssoy_ * 90UT 49049 uoTAGTAOSog JVOTACA 

304 ,00T % Z 

qOOYy WE /S$32929qg 9soiz9onsg ne (y/suo PIPLIA qo0g PLOLTA AePBNnS 

9/61 ‘ET 2990390 ‘:pejsearey SuoT *3F3 Tv ‘sqoq,d moi-T 
Q9L61 ‘€Z TtAdW :AAMG-AAG YITM poze[NoouT SjUeU}ee1Z SNATA Z 
9/61 *ZI Atenagqeay :pejuetg suo}tj}eottder 9g 


9Z61 “VINYOAITVO ‘SVNIIVS ‘SYOLVNITIOd INVISISAY VINIMYA JO NOILVNIVAD SMOTIAZA SNYIA °7Z-9LTT LSAL 


EEK a 


*uoTqeoTTdez zed soewt. serzyq pepnztouT sem Cg ou, “uoTjaeoT{Tdea aed 9oTM] pepntouT orz0om Eg pue ‘2g ‘Tg /T 


*202 -3002 % pue ‘ssozons-» 


o 


‘plethké Jooq ‘prTetA azeSns AoF QuoASzZFIp ATAUPOTJTUSTS \sAOM SqUSWIeeTA SNATA AOJZ suPoy 


' *TPAST T0°O U2 3B AOA Joor & 
pue ‘esozons ¥ ‘pTeTtA jeeq ‘pTetTA ze8ns AoJZ perANdd0 suOoTIOeASAUT QUOW}eeTW SsMATA xX AZOTAPA YUPOTITUSTS 





#40" S SN 40° 6T %¥E°ST *¥O°7 H49°S vx O°ST we L°7 vel? Vex LT e797 onTeA J 
6 Lalt “QBeg Gd 0°82 8° OT Oe LPOC Oe LAL 
Go Ye CSO 9€°0 Le LDerole ca OO0V6S, > 8201 006 006 







































Gas GAL ” Gest ORGOALL =SShGCI SGFRt  WRGS MLESAC e207) SOZ6S  tOTOr OL ued 
bal LHL Goce “See Ol SSUAGT AQcOS “SGSLT SPRSSE “POLO “OTO°S “Oca 6. (a)0-72789dS, “2UR cd COcY? 
Z°8 O7I Sate 6ledl SOESEL: *OrEl SeOc0C spores tecor. SO0e8 ZL “OsEs6 Lome OUT tg LI? 
6°% OS On Ulam vOnce  Ooetl aE Oen Creo seaeOCu Onc eee GEG ah uG Cq * our eq Scck 
eet TAL 99S SEG=TT *C9°CL OC. “EL9C WE’ 6S. 7S°0€ “079° 9 “069-6 Lip * tae Sala TZ2S 
Ticat cyl ~“yiahl "ell Serer “Teve Oervc “ostse “ete ‘ose%s ‘oza‘ol (4) 0-cceddsus sae oan L1Zv 
One Wet: -GeebL MESSE SLGAGL TOFKC “OLMEC “CCESS “6O77 “OTOFS ‘OSC OL Tq °our ca SECK 
bat PT eet eG Cael ee i ee OC Oe Ca Our Y eOeGu OO TAO. 77a nd )O2Gc cod cme aLa Tg 9074 
yoouUp Aosquny Ssoyt *J0UuT 4yooup SsoyT *DO0UT yoo2Y4D SSOT *OO0uUT yooyup uot j TAOSOC uoTtTjye JoTAeCA 
308 100T iB y -i9ue9 
WOOoyY % /sje0g esoizons ¥ (vy/suoj) PLetA 390g PLOTA 2eSsNS 
9/61 ‘TZ-0Z 2990390 :peqsearey BUCT SIs" C7 “SaAOTe Mole] 
O/61 ‘7 eUNL ZAAMG-AAG UTM poReTNoouT SJUSsUZPSA SNATA Z 
916 “7 Yolen) “se peattel a /TSUOFaeoTT det 9 


9261 “VO “SWNITIVS ‘SNOILVYSNAD HIGIIdHOSAS SMOTISA X INVLSISHX SMOTIFZA JO NOILVNTIVAS SMOTIZA SNUYIA “9ZZT LSAL 
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VARIETY TRIALS, BRAWLEY, CALIFORNIA, 1975-76 
Location: U.S. Department of Agriculture, Imperial Valley 
Conservation Research Center 
Soil type: Holtville silty clay loam. 
Previous crops: Lettuce, 1975; Beets, 1973-74. 
Fertilizer used: Preplant: 240 1bs/A 11:48:0 and 260 1bs/A 46:0:0 urea 
broadcast and disced in before listing. 


Sidedressing: 200 lbs/A 46:0:0 urea. 


Total fertilization (lbs/A): N P5905 = K90 
238 LL 0 


Summary: 1975-76 Tests, Brawley, California 
Plot 
Sowing Test Plot Row Harvest 

Test Date Entries Reps Rows Length Date Test 

No. 1975 No. No, No. Ft. 1976 Design 

B176 9/10-11 10 10 Z 40 5/18-24 Latin sq. 

B276 a 20 10 2 40 oe RCB 

B376 i 20 10 1 20 4 RCB 

B476 de 20 10 i 20 RCB 

B576 a T¥2 2 A 24 Observation Test 
Irrigations: Sprinkler system used for stand establishment. 


Subsequently, by furrow as needed. 


Diseases and insects: Control measures were used as needed throughout 
growing season. 


Sugar analysis: From two ten-beet samples per plot for all trials by Holly 
Sugar Corporation, Brawley, California. 


Remarks: Tests designed and data analyzed by the U.S. Agricultural Research 
Station, Salinas, California. Stand establishment and general test 
plot care was under supervision of J. Robertson, USDA, Imperial Valley 
Conservation Research Center, Brawley, California. 
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INTERSPECIFIC HYBRIDIZATION 
VULGARIS - PROCUMBENS HYBRIDS 


Helen Savitsky 


Cytological data indicate that diploid nematode-resistant plants have 
been obtained after crossing over by reciprocal translocation of a terminal 
section of the B. procumbens chromosome to the end of a B. vulgaris chromosome 
with the loss of only a small segment of the B. vulgaris chromosome. The 
position of the B. procumbens segment at the end of a B. vulgaris chromosome 
indicates that the gene for nematode resistance is located near the end of the 
chromosome arm. Transmission of a small segment of the B. procumbens chromo- 
some permitted the transfer of the gene for nematode resistance without 
deleterious genes of B. procumbens. The diploid nematode-resistant plants do 
not show the presence of deleterious genes. They have lost the genes for 
early bolting, tumor formation, and very elongated leaves that are linked in 
the B. procumbens chromosome with the gene for nematode resistance. The 
diploid nematode-resistant plants that have been grown in the greenhouse have 
well developed foliage, good roots, and can not be distinguished from normal 
diploid sugarbeets. However, the rate of resistance transmission in these 
plants is not yet sufficient for production of commercial nematode-resistant 
varieties. Therefore, in 1976 work was concentrated on seJection for an 
increased rate of resistance transmission and the development of homozygous 
nematode-resistant lines. 


Three kinds of experiments were conducted in 1976: 


(1) Selection of F3 nematode-resistant plants in the progenies of Fo 
plants with higher rates of transmission (20% and over). From 
3,750 F3 plants tested for resistance in 1976, 588 resistant plants 
have been selected. Some of the selected F3 progenies had trans-~ 
mission rates up to 30%. 


(2) The transmission rate by female and male gametes has been studied. 
The progenies from reciprocal crosses of 25 Fo resistant plants 
with susceptible plants were tested for resistance. Of 1,462 
plants derived from transmission by female gametes of nematode- 
resistant plants 24.0% were resistant, and of 1,308 plants derived 
from pollen transmission 12.8% were resistant. The percentage of 
resistant plants in the progenies of individual plants derived 
from transmission by female gametes varied from 11.0 to 31.4%, 
compared with 0 to 19.7% for transmission by pollen. The B. vulgaris 
chromosome bearing the B. procumbens segment is transmitted by pollen 
although at a lower frequency than by egg cells. The rate of trans- 
mission of the entire B. procumbens chromosome by pollen in trisomics 
was 0-1.1% which is much lower than the transmission rate of the 
B. vulgaris chromosome with the B. procumbens segment. Trans- 
mission of nematode resistance by male gametes is very important 
because it permits the selection of nematode-resistant plants in 
the progenies obtained from pollen transmission and enables us to 
obtain homozygous nematode-resistant lines. The selection of 
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nematode-resistant plants derived from pollen transmission opens 
new possibilities. These plants are obtained from pollen grains 
that could compete in the rate of pollen tube growth with pollen 
grains lacking the B. procumbens segment. Selection for increased 
transmission rates in these plants may be more successful than 
selection in plants derived from female gametes. The 130 plants 
obtained in 1976 from pollen transmission will be used for further 
hybridization and selection. Reciprocal crossing of nematode- 
resistant beets with susceptible beets is being continued and 
selections will be made of plants with the best pollen trans- 
mission rates. 


(3) In order to develop homozygous nematode-resistant lines, plants 
with higher transmission rates should be selected and intercrossed 
or crossed with inbreds. Experiments in this direction have been 
started. One hundred and thirty Fy and F3 nematode-resistant 
plants have been intercrossed in pollination bags to induce the 
formation of homozygous zygotes with two chromosomes bearing the 
B. procumbens segment. Seventeen Fy and F3 nematode-resistant 
plants have been pollinated by curly top resistant inbreds. Many 
Fj hybrids have been obtained from hybridization with these inbreds. 
These Fj hybrids are now being tested for resistance. The self- 
fertile plants will be selected from resistant F, hybrids. The 
development of homozygous nematode-resistant lines is very important. 
Pairing may be improved or may be normal when both partners of 
bivalents possess the B. procumbens segment. All offspring of homo- 
zygous plants will be resistant and this will facilitate the develop- 
ment of nematode-resistant commercial varieties. 


The cytological study of diploid nematode-resistant plants is being 
continued, 


VULGARIS -COROLLIFLORA HYBRIDS 
Helen Savitsky and J. S. McFarlane 


Because of the low transmission of curly top resistance to the B 
generation (2-3%) the experiments were repeated again in 1975 and in 1976 with 
By, By,, and Bz lines. Thirty B, and By curly top resistant plants were 
selected in 1975 after three inoculations with a virulent strain of curly top 
virus. The selected plants had poor pollen but seeds were obtained from them 
in 1976 after pollination with pollen from diploid sugarbeets. From their 
progenies, 240 plants were inoculated three times with curly top virus, and 
26 resistant plants were selected. Seeds were obtained from these plants. 
Their progenies will be tested for curly top resistance. 
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Studies of Interspecific Hybridization in Beta Species 
Menthe aa 
Resistance in the Wild Beet Species 


The species of Beta in the Patellares section are highly resistant to 
cyst nematode and several other pathogens. Interspecific crosses can be 
made between cultivated sugarbeets and the Patellares species. Although the 
hybrids are mostly sterile, this is a major method of incorporating desirable 
exotic germplasm into the sugarbeet lines. 


Seed of more than 50 strains of the Patellares section were collected 
from various sources. Germination of these seeds was generally poor, in 
spite of the practice of scarification with sulphuric acid before planting. 
Because of the age of the seeds, no seedlings were obtained in several 
strains. 


To screen for nematode resistance, seedlings were transplanted to 
cylinders that contained nematode-infested soil. Each cylinder was inocu- 
lated one week after transplanting with 2000 nematode larvae to insure 
a high nematode population. Tests were conducted under controlled tempera- 
tures. Plants were examined six weeks after transplanting. The results 
showed that plants of all three Patellares species were highly resistant, 
but not immune, to the nematodes. Only a small proportion of plants were 
found to have cysts attached to the roots (Table 1). The percentage of 
plants with cysts were B. patellaris 4.59%, B. webbiana 7.94%, and B. 
procumbens 1.71%. With further larval inoculation, fewer cysts were 
detected on these plants. Nematode resistance in the wild species seems 
to have increased as the plants matured. Progenies of the selected indi- 
vidual plants will be investigated for resistance at a later time. 


Mature plants of the wild species were also tested for curly top resis- 
tance. lLeafhoppers that had acquired curly top virus from infected host 
plants were used as vectors. Symptoms of curly top did not appear on the 
wild beet plants. Nonviruliferous leafhoppers were, therefore, fed on the 
wild beets to recover the virus and then transferred to the susceptible 
sugarbeet plants. Resistance was determined by the performance of these 
check plants. The results showed that only two patellaris plants were 
Susceptible to curly top. This indicates that the mature plants of the 
wild species are highly resistant to this disease. According to Murphy 
and Giddings (1954, Proc. ASSBT, Part 2, pp. 99-103), the B. patellaris 
plants they studied were found to be curly top susceptible. 


Another virus disease, beet western yellows, was transmitted to the 
wild beet plants by the use of green peach aphids. The virus was acquired 
from infected shepherd's-purse by the aphids and transmitted to the wild 
beets. No western yellows symptoms were readily observable. However, from 
the limited number of recovery sugarbeet plants that have been examined, 
the susceptibility of the wild species plants to the beet western yellows 
is obvious. Tests for both curly top and beet western yellows are being 
conducted with the help of Dr. J. E. Duffus, and are not yet finished. 
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Nematode Resistance in the Progenies of 
the Trisomic and Diploid Sugarbeets 


All the nematode resistant sugarbeets in this study were progenies of 
the interspecific hybrids between B. vulgaris and B. procumbens, after 
several generations of backcrossing. Both trisomic and diploid plants 
were included. In 1973, a group of resistant trisomic plants (Table 2, 
group A) were irradiated with gamma-rays on the inflorescence. Plants 
were grouped according to the maturity of flower buds. The stages were: 
(1) just after initiation of floral buds, (2) about a week before anthesis, 
(3) two to four days from anthesis, (4) just prior to anthesis, and (5) at 
anthesis. The doses used on these plants were 700r, 1000r, 1300r, 1600r, 
and 1900r. The irradiated plants were crossed with susceptible sugarbeet 
lines by means of bagging. A total of 4,404 progeny plants of this group 
were tested for nematode resistance. The average resistance transmission 
rate was 9.88%, with a range between 2.5% and 17.86% for individual treated 
plants. The rate was slightly higher for the exposure doses above 1300r, 
and for the maturity stage of 2 to 8 days before anthesis; however, the 
difference was not significant. There were considerable variations among 
individual plants within each treatment. Cytologically, the occurrence of 
chromosomal abnormality was rare, and was not obviously different from the 
non-treated trisomics. This indicates that the dosage used under 1900r 
is insufficient to increase the rate of chromosomal aberration, or recom-. 
bination. 


Another selection of resistant trisomics (group B) were irradiated 
at 3 to 8 days before anthesis, with gamma-rays 2000r, 2500r, and 2800r. 
The treated plants were also backcrossed to the sugarbeet lines. The 
results showed that the 2800r treated plants yielded a lower seed weight. 
This might indicate that 2800 rentgen units of exposure has been strong 
enough to influence the normal meiotic behavior of the plants. The chromo- 
somal abnormalities among the resistant plants of this group were higher 
than that of group A (9.88% vs. 5.26%). The average percentage of resis- 
tant progenies in group B was 13.63%, which was also higher than for the 
A group. Whether this difference can be attributed to the genotype, the 
dosage that was used, or both is yet to be determined. 


The untreated trisomics (group C) were progenies of those resistant 
trisomics that were selected for a higher transmission rate. After one 
test, 15.54% of plants were found to be cyst free. 


During 1976 a total of 6,896 trisomic progeny plantswere screened for 
nematode resistance. A diploid resistant sugarbeet has not been obtained; 
but many aneuploids (other than 19 chromosomes) were observed instead. 
Further investigation of nematode resistance should probably include the 
densely ionizing radiations, such as fission neutrons, to induce chromosome 
alterations in the trisomics. 


Tests with the diploid resistant plants have been partially completed. 
The resistance transmission rate of '505K' (the HS selection) was estimated 
as 28%, and that of '51501' was 16% after the first cheek. Another diploid 
resistant plant '52261' (based on the root tip chromosome counts, 2n = 18, 
in 1975), however, produced trisomic (19 chromosomes) resistant progeny. 
This plant was obviously a sectorial chimera with 18 chromosome roots and 
19 chromosome shoots. 
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Table 1. Resistance of the wild beet species to cyst nematode, curly top, 
and beet western yellows. 


No. of plants tested* hb of 
Species Pathogens Total Resistant Susceptible resistance 
B. procumbens Nematode Ol ele eo Ley) 5(2) 98. 3 
Curly top 31(6) 31(6) 0 100.0 
Western yellows 10(2) 4(2) 6(2) 40.0 
B. webbiana Nematode 63(7) 58(7) 513) 92a, 
Curly top 16(5) 6(5) 0 100.0 
Western yellows 3(1) 2(1) 1.( 1.) 66.7 
B. patellaris Nematode 218(22) 208(22) 10(5) 95.4 
Curly top 47(22) 45(22) aie ) 95.05 
Western yellows 10(5) 0 10(5) 0 


* Figures in the parentheses were the numbers of strains included. 


Table 2. Nematode resistance in the progenies of the trisomic and diploid 
NR sugarbeets. 


Parent Gamma -rays Total’ no. NO. “Or res’ % of 
plant treatment of plants plants resistance 
Trisomics: 
A 700 r 1,532(20)* 145 9.46 
1,000 r 945(12) 91 9.63 
ts 1,300 r 1,058(15) 110 10.40 
1,600 r 806(8) 82 10 sf 
1.900 x 83(1) 9 10.84 
4 bok 437 9.88 
B 2,000 r 450(3) 59 a ey 
2,500 r 363(3) 43 11.85 
2,800 r 4hg(3) ue a5. 59 
1,262 172 13.63 
® (untreated) 888(10) 138 15.54 
others 322(4) 21 6.52 
Diploids: 
505K (untreated ) 629(6) 179 28.46 
51501 (untreated) 248(1) hO 16.13 
52261 (untreated) 101(1) 6** 5.94 





* Figures in the parentheses were numbers of strains involved. 
** The resistant progenies were trisomic. 
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Comparison of One Cycle of S}, Test-cross, and Full-sib (Paired-plant) 
Selection in a Sugarbeet Composite Population 


R. T. Lewellen, I. 0. Skoyen, J. S. McFarlane 


Population improvement in field crops has received increasing attention 
from plant breeders in recent years. While considerable data are available 
for different selection procedures in corn, sorghum, alfalfa, etc., little 
information has been published for sugarbeet. Progress from selection is 
dependent upon the presence of genetic variability in the population and 
accurate evaluation of the breeding merits of the parental plants. To 
evaluate breeding merit Sj] progeny testing has received increasing attention 
among corn breeders and has in general received favorable reviews. Half-sib 
and full-sib family testing and test-cross evaluation have had a more general 
use for population improvement and for recurrent selection programs than Sz 
evaluation. The preliminary results of one cycle of selection using Sj, test- 
cross, and full-sib evaluation are described in this report. Selection was 
practiced for gross sugar (GS), sucrose concentration (% S), amino nitrogen, 
sodium, potassium, and impurity index. 


The population used for this study is a relative broadbase composite of 
self-fertile and self-sterile lines adapted to the needs of California. After 
intercrossing about 30 self-fertile and two yellows resistant, self-sterile 
lines, the F, plants were selfed. Mendelian male sterility (aja,) was used 
to make the original crosses. The population segregates for both monogerm 
and multigerm seed types. Fo stecklings were grown in a spatial isolation 
and composite seed was harvested only off of the aa plants. The composite was 
increased twice more in isolation with seed harvested only off of the aa plants. 
The final synthesis is referred to as the unselected CO composite. 


In 1973, induced stecklings from Oregon were planted at random into hills 
in a breeding nursery. Stecklings of 546H3 also were planted into each hill. 
Just prior to anthesis, hills which contained one S, fertile plant (Aj), one 
matching Sy sterile plant (aa), and two or three completely sterile 546H3 
plants were identified. These sets of plants were enclosed under a large 
muslin bag. Sj, seed was harvested off of the selfed A; plant. FS seed was 
harvested off of the aa plant. TC seed was harvested off of the 546H3 plants. 
Sufficient seed was obtained of all three progeny types from 96 hills to be 
included in field evaluations. 


In 1974, three separate trials were planted, one each for the S,, FS, 
and TC progeny types. Each entry was planted into an incomplete block design 
with four replications. Plots were single-rows, 20 ft. long. At harvest, 
the plots were evaluated for the components of yield and impurity. Also in 
1974, remnant seed of each Sj and FS family was planted in a steckling 
nursery in Oregon. 


Approximately 10% selection intensity was used, i.e., the Cl Syn 1 com- 
posites were synthesized from 9 or 10 families. For the synthesis of the 
selections based on S, or TC merit, 51 stecklings were used. For the synthesis 
of the selections based on FS merit, FS stecklings were used. Selections for 
GS and % S were made on the basis of Sy> FS, and TC performance. Selections 
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for NHj-N, Na, K, and impurity index were made only on the basis of Sj merit. 
Where possible, equal numbers of stecklings from each selected family were 
grown in isolation in 1975. The seed harvested off of the aa plants was 
composited and called the Cl Syn 1. Within each isolation, stecklings of 
546H3 and Y417HO were grown so that hybrid seed could be obtained. 


Response to selection was determined by direct comparison of the CO and 
Cl in replicated trials in 1976 (tests 876-1, 876-2, and 876-3). The CO and 
Cl populations per se (test 876-1), their hybrids with 546H3 (test 876-2) and 
their hybrids with Y417HO (test 876-3) were planted in separate randomized 
complete block designs at Salinas. Tests which included some of the Cl 
populations and hybrids were also planted at Brawley (test B376-2 and B476-2). 


The results of these tests are summarized in the tables (test 876). Only 
a brief narrative of these preliminary results is given below. 


Selection for gross sugar (GS)--S; evaluation: Selection resulted in a 
significant increase of about 10% for GS and beet yield for the Cl population 


per se, but did not result in a significant increase for the hybrid combina- 
tions. TC evaluation: Selection did not significantly change the yield 
performance. FS evaluation: Selection gave a significant increase in beet 
yield for both the Cl per se and the two hybrid combinations. This FS 
selection produced the greatest increase in the hybrids for sugar and beet 
yield, thus suggesting that it is more efficient than S, or TC evaluation at 
identifying gene action for combining ability. 


Selection for % sucrose (% S)--S; evaluation: Selection significantly 
increased the % S and GS in the Cl per se but not in the hybrids. 
TC evaluation: Produced nearly identical results as the S, selection. 
FS evaluation: Selection significantly increased the % S for only the Cl per se. 
Because % S is supposed to be due primarily to additive gene effects, the lack 
of transmission of the increased sucrose level of the Cl to the hybrids is 
somewhat puzzling. 


S1 selection for components of impurity--NH9-N: Selection resulted in 
about 40% less NH»-N in the Cl per se than in the CO and about 12% reduction 


in the hybrids with 546H3 and Y417HO. None of these reductions were signifi- 
cantly different, however. This selection for reduced NHy-N apparently caused 
an increase in the Na concentration in the Cl per se. When some Sj progenies 
were evaluated for NH9-N, we could not obtain a clear filtrate and thus 
extremely high values were obtained. These Sj lines were not included in the 
synthesis to produce the Cl. Therefore, we are not certain whether our 
selection was actually based on lower NHj-N values, or on the ability to obtain 
clear filtrate. Sodium: Selection resulted in a significant reduction of 
about 34% in the Na concentration of the Cl per se and about half that in the 
hybrids. Selection for low Na caused an increase in the concentration of NHy-N. 
Potassium: Selection caused a significant reduction of about 20% in the con- 
centration of K in the Cl per se and slight reductions in the hybrids. This 
selection for decreased K also produced a decreased concentration of Na, 
whereas NHj-N remained relatively unchanged. Impurity index: Selection for 
lower impurity index had about the same effects as the selection for reduced 
NH,-N. Probably most of the variation in the impurity index was accounted for 
by the differences in NH5-N. Selections for lower NHj-N and impurity index 
caused about equal reductions in impurity value and KSL, whereas selection for 
only low Na caused an increase in the impurity value and KSL. 
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Performance of Sugarbeet Lines and Hybrids Selected for Resistance to Erwinia 
R. T. Lewellen, E. D. Whitney, I. 0. Skoyen 


Since 1972, a series of selections for resistance to Erwinia have been 
made from field and greenhouse plantings. From C13, the pollinators of 
US H9, one, two, or three successive selections have been made. The seed 
increased from these selections have been coded with an "E" prefix, e.g., 
E506, E536, etc. More recently, selections for resistance also have been 
made from C17, the pollinator of US H10, and other self-sterile and self- 
fertile breeding lines. The results of field tests grown in 1976 to evaluate 
these selected lines and their hybrids are summarized below. Primarily, two 
lines (E506 and E536) selected from C13 and their hybrids have been compared 
to C17 and US H1OB. E536 and E602 are being increased in 1977 and will probably 
be released in the fall of 1977 as Erwinia resistant breeding lines C36 and 
C02, respectively. 


In addition to the comparisons summarized below, eight lines selected 
for Erwinia resistance and their hybrids were evaluated for performance in 
virus yellows inoculated and noninoculated tests. The results of these 
tests were presented previously in this report in Tables 1176-1 and 1176-2. 
Essentially these tests showed that the Erwinia resistant selections and 
their hybrids were equivalent to their corresponding nonselected checks. 
That is, C13 was not significantly different from E402 through E536 nor was 
US H9B different from E402H8 through E536H8. These tests did show that with 
natural infection, the selected lines were more resistant to Erwinia infection 
een, C13, or CLT. 


The study to determine the inheritance of resistance to Erwinia was 
continued in 1976. The 1976 test data supported the hypothesis made from the 
1975 data (see pages A75-80, 1975 Report, Sugarbeet Research) that resistance 
in lines C17 and C64 is primarily conditioned by one dominant, major gene 
with a background of modifiers and quantitative factors. The results of 
selection experiments helped substantiate this hypothesis. Rather dramatic 
increases in resistance were realized for the first two cycles of selection 
for resistance from C13, but continued improvement was relatively slow. Good 
technique to reduce the level of escapes was found necessary to make signifi- 
cant improvement. 
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YIELD EVALUATION TESTS, BRAWLEY, CA, 1976 


Planted: September 10, 1975 


Harvested: May 20, 1976 - 
1/ Acre Yield mesic 
Hybrid— Sugar Beets Sucrose Bolting Rot 
Pounds Tons h hb hb 

E536H8 9,190 36.5 L236 One ORS 
E506H8 9,060 35.4 12.8 5.4 0.8 
US H10B 8,550 Beno eu. 5.8 T26 
Sia 0s.) 510 Lael Oe ao ae 
Extracted from a test with 20 entries (B276). 

Pollinators 

E536 8,060 30.1 13.4 6.8 0.4 
E506 aco 28. 3 L3o% 9.4 0.0 
Cy 8,050 29.7 ae D Paik 20.0 
LSD (.05) 580 271. 0.4 2.0 ie 


Extracted from a test with 10 entries (B476-1). 


di C17 is the pollinator of US H10B. E536 and E506 were used as the 


pollinators to produce E536H8 and E506H8, respectively. All three of these 
hybrids use 546H3 as the monogerm, seed bearing parent. Because F536 and 
E506 were selected for Erwinia resistance from C13, the pollinator of US H9, 
E536H8 and E506H8 should be nearly equivalent to US H9 type hybrids. E536 
and E506 represent two successive selections for Erwinia resistance from C13. 


2/ 


Due to natural infection. Counted at harvest. 


- A65 - 


YIELD EVALUATION TESTS, SALINAS, CA, 1976 


Planted: November 13, 1975 
Harvested: September 7, 1976 


Acre Yield 8/731 
Hybrid Sugar Beets Sucrose Bolting 
Pounds Tons % % 
E536H8 10,560 36.9 14.3 19.9 
E506H8 10,420 36.1 ots 21-0 
US H1OB 9,840 aa coe 18.2 
LSD (.05) 660 2.8 Ot 6.8 


Extracted from a test with 16 entries (576). 


—-— | |= =- —- = _- - = = = = =-— — = - = = = = — - = - = =- - =- =- - =|- =—=-— = = - = - 


Planted: January 7, 1976 
Harvested: September 13, 1976 


E5 36H8 10,630 ho.4 1332 
E506H8 11,140 41.0 13.6 
US H10B 10,780 40.3 V3 <3 
LSD (.05) 660 ang 0.6 


Extracted from a test with 26 entries (776). 
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PASO ROBLES ERWINIA EVALUATION TEST, 1976 
Union Sugar Co., Cooperator 


Planted: March 1976 
Harvested: October 29, 1976 


No. b Roots re 

Entry Description Roots Healthy DI- 

517 C17, pollinator of US H10B 56 37.5 48.6 
51 7r CL7T, tetraploid of C17 169 16.6 73.8 
US H10OB SHE! x CL, 263 Sie, 1226 
E506H8 S4U6H3 x E506 194 96.9 oe 
E536H8 SU6H3 x E536 221 97.3 Bhd 
51 7H29 5368723! x C17 259 6507 28.1 
S17TH29 536H72 x C17T 206 22.3 Bio 
E506H29 536H72 x E506 231 96.5 2.0 
E536H29 536H72 x E536 eu 90.5 Ere 
364H8 US H7A 258 96.1 1.9 
Y501H29 536H72 x COl 243 Sic 10.4 
523-5H31 718H3 x 417-1 oTT GP.2 Dies 


These varieties were grown as single-bed plots (2-rows/bed, 50 ft long)" ines 
commercial field of US H1OB. The rot resulted from natural infection. 


i 

1/ DI = Disease Index = A weighted average of the amount of rot. This value 
then approximately represents the percentage of root tissue for each entry 
that would be rotted. 


2/ 
3/ 


546H3 is moderately resistant to Erwinia. 


536H72 is moderately susceptible to Erwinia. 
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ERWINIA AND BOLTING EVALUATION, SALINAS, CA, 


Resistant 8731 
Entry Description RootsL prt! serenade 

417 C17, pollinator of US H10 27 Ky LOO 
813 cr 32 ky 

F70-13 C13, pollinator of US H9 rT 58 31.5 
413¢C C13 15 55 

E540 Erwinia Susc. Sel. C13 2 72 

E502 2 Erwinia Res. Sel. C13 85 6 ve laeeg 
E506 2 Erwinia Res. Sel. C13 90 4 16.9 
E534 2 Erwinia Res. Sel. C13 65 8 726 
E536 2 Erwinia Res. Sel. C13 100 0 Le 5 
E537 1 Erwinia Res. Sel. C17 56 32 1.8 
E536 1 Erwinia Res. Sel. C13 59 30 12.23 
E539 1 Erwinia Res. Sel. 013A 82 8 16.2 
US H1OA S69H3 x C17 6 ay 

US H10B S46H3 x C17 50 ay 6.6 
E506H8 S46H3 x E506 86 5 13.6 
E536H8 S4U6H3 x E536 93; 2 US IF 
E537H8 S46H3 x E537 19 10 8.9 
517H29 536H72 x CLT 25 KL 

E506H29 536H72 x E506 80 y 

E536H29 536H72 x E536 80 4 

1/ 


Data from a 2 replication test, l-row plots 20 ft long. Planted May 6 
and harvested October 10, 1976. On July 29, plants were injured and inocu- 
lated with mixed cultures of Erwinia. 

2/ Data for bolting were from a 2 replication test, l-row plots, 32 ft long. 
Planted November 12, 1975. Because seed lots tested were from increases made 
in different environments, definite conclusions on the nonbolting tendency of 
these lines and hybrids are not possible. 
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LATE PLANTED ERWINIA EVALUATION, SALINAS, CA, 1976 


4 replications, RCB Planted: May 15, 1976 
l-row plots, 20 ft long Injured-Inoculated: August 18, 1976 
Harvested: October 22, 1976 


Entry Description DI 
417 C17, *pollinator! of€0s H1O Sate 
623-5E C23, 1 Erwinia Res. Sel. 417-1 48.0 
F70-413 C13, pollinator of US H9 68.9 
E540 Erwinia Susceptible Sel. C13 88.8 
E502 2 Erwinia Res. Sel. C13 15.3 
E602 C02, 3 Erwinia Res. Sel. C13 14.0 
E506 2 Erwinia Res. Sel. C13 IS y4 
E606 3 Erwinia Res. Sel. C13 10.9 
E534 2 Erwinia Res. Sel. C13 On ae 
E634 3 Erwinia Res. Sel. C13 16.4 
E536 C36, 2 Erwinia Res. Sel. C13 9.6 
US H1LOB 546H3 x C17 40.6 
E402H8 546H3 x E302 22.6 
E602H8 546H3 x C02 Lear 
E506H8 546H3 x E506 tars 
E606H8 546H3 x E606 oye 
E5 36H8 5U6H3 x C36 8.9 
517H29 B26 feux aC y 65.7 
E506H29 536H72 x E506 36.2 
E5 36H29 536H72 x C36 23.7 
LSD (.05) 10.1 
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TEST 1676. EVALUATION OF BREEDING LINES AND HYBRIDS 
TO ERWINIA ROOT ROT, SALINAS, CALIFORNIA, 1976 


2 replications 


: Planted: May 6, 1976 
l-row plots, 20 ft. long 


Inoculated: July 29, 1976 


Harvested: October 7, 1976 
No. of if 

Variety Description Roots Resistantl/ pr2/ 

813 TNC ws eon COL) di Sed 44.4 
413C Po es LS elu La) 54 14.8 ts A 
E502 Inc. E402,-4,-5 as 84.9 bath 
E506 THC L400 50 60 90.0 ah 
E506H8 F70-546H3 x E406,... 63 aed ed 
E506H29 3536-97H72 x E406,... 59 1907 4.4 
E534 Inc. E434 aa 64.6 7.6 
E536 Ing .wEG02.0 0,54 (C36) sh 100.0 PL? 
E536H8 F70-546H3 x E402,5,6,34 EL Os aL Aol 
E536H29 3536-97H72 x E402,5,6,34 60 80.0 4.0 
E537 ERS 813 50 56.0 | 
E537H8 F70-546H3 x ERS 813 66 78.8 LOZ 
E538 ERS 413C 56 Doe 9, 29.9 
E539 ERS 013A 56 82.1 8.4 
E540 ESS F70-413 ae 1.8 7264 
417 Idcwmr  SAn(GLs ) 62 Zieh 41.0 
2 iy ge Icom CatGes TL) 62 8.1 69.7 
F70-13 Inc. F66-413 (0268) 60 Too iad 
PLS E Cee Loe 45 8.9 69.4 
417Tmm Inc. 117Tmm 63 90.5 and 
417H21 3536-97HO x 813 69 42.0 70 
sure 3718HOB x 417 60 TO. 7 aoe 
523-5A me. f4r/ =r 58 Le ae 
B213 BMRS 2216Bm- (C43) 2. 260 AAS? 
5717 Inc. 4232 46 Toe: 9.4 
3204 Ene. *Aces.125 54 fis hg | 10.4 
Tors Tne’. Y¥417*_ (C16) a2 3g 36e2 
Y¥517HO Y417HO x Y417 (C16HO) 55 45.5 26.9 
Y417 Inc. Y317 36 Zee2 41.4 
Y417HO Yo 7H 28x25 317 43 25,6 30.6 
4247 BMRS 3209 (C32) a7 5729 Z0e2 
Y401A WRSeyc Ole (COL) 61 62.5 2a 
Y422 YRS Y222A (C22) 57 29.8 42.6 
py Tucemyg23 (YRS US” 15) ST 88.2 4.4 
Y526 Inc. Y426 (YRS US 56/2) 56 85.7 ae 
464 Inc. F66-64 (C64) SZ 92.3 2.4 
468 Inc. 868 (US 75) 49 Soak 13.0 
Y430 YRS Y230A,B (YRS US 75) 50 38.0 30.0 
Y440 Treo 254 C64 x C17) ae. 68.4 9.7 
Y441 Ince 27. (Co4ex) COL) 58 82.8 6.1 
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TEST 1676. EVALUATION OF BREEDING LINES AND HYBRIDS 
TO ERWINIA ROOT ROT, SALINAS, CALIFORNIA, 1976 cont. 


No. of ie 


Y442 Inc. 3256 (C64 x C04) 55 O77o TUcr 
3 Sill Inc. Y23le(G31) 60 Soe3 7a 
US H1OA Total Zoe oO uhoexeGLy 59 45.8 20.6 
US H1OB Lot 1068 546H3 x C17 62 50.0 16.9 
517H17 8551H4 x 417 67 Dane one 
Slay iabe/, 8551H4 x 117T 64 Des 40.0 
517H29 3536-97H72 x 417 57. DO 4 aes 
517TH29 3536-97H72 x 117T 2 DAD 45.0 
517H36 3536-97H23 x 417 63 5355 29.9 
SHEE S.O 3536-97H23 x ILI7T 68 Ue? 44.5 
F66-562HO 562HO x 562 (6349) 67 yee, 21e 
F66-563HO 563HO x 563 (6486) 59 49.2 Zee 
5564 Inc. 4564C1 69 PHS Ih 32 ce 
F70-546 Inc. F63-546 (0139) 59 tL 6.6 
DODIL LCE oD DIL Si! 60.8 lau 
F66-569 Inc. F59-569 (6616) 52 84.6 ae 
3522-25 Inc. 1522-25 43 2350 50 ez 
5522-29 Ince. 4522-29 65 40.0 30.8 
4536-97 Inc. 3536-97 62 29.0 Zhe 
F71-705 Inc. C0705 52 2570 36.2 
3705 ioe. 27054(C706) 61 SiS Stee 
F74-718 Ln Cee G27 65 Sono aCheru 
F74-718H0O C27 CHOs x mGZiuS 66 47.0 Seon 
3718 Inc. 27168(C/18) 64 34.4 38.5 
3718HOB 2718HO x 2718 (C718HO) a 26.8 Dorey 
3536-97H3 F66-562HO x 8536-97 66 ao. 5 load 
3536-97H72 2718HO x 8536-97 63 39.7 20.9 
5536-97RH22 1522-25HO x 4536-97R 62 SiS S050 
2522-29H23 0522H52 x 8522-29C2 45 24.4 44.6 
5522-29H21 3536-97HO x 4522-29 49 Soh 34.0 
DDD LHS F67-564HO x 8551 59 Die 9 6.9 
5551H17 8551H4 x 8551 48 45.8 1240 
HoH 2a: 3536-97HO x 8551 62 aes, 8.8 
4547H1 1502HO x 2547 (NB1 x NB5) By Gare. 8.0 
4554H1 1502HO x 0554 (NB1 x NB4) 68 ieee, 16.1 
4554H4 3536HO x 2554 59 18.6 44.6 
5564H1 424.7) xe DOGCL 56 33.9 24.4 
F70-546H3 562HO x F63-546 (0036) 64 79.7 520 
3546H72B 2718HO x F70-546 61 67.2 Los 
3546H54 2705HO x F70-546 val 80.3 4.7 
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TEST 1676. EVALUATION OF BREEDING LINES AND HYBRIDS 
TO ERWINIA ROOT ROT, SALINAS, CALIFORNIA, 1976 cont. 





No. of To 

Variety Description Roots Resistantl/ pr2/ 
3718H3 F66-562HO x 2718 63 63.5 15.9 
3718H4 F66-563H0 x 2718 pis 58.9 16.9 
3718H5 F68-564HO x 2718 res 48.6 2403 
3718H54 2705HO x 2718 70 42.9 24.9 
F67-569H3 562HO x 569 (7228) 116 62.1 Laat 
F69-546H3 562H0 x 546 (9029) £23 66.7 9.8 
F69-546H4 563HO x 546 (9056) Lo) Tee 3.9 
F69-546H5 564HO x 546 (9028) 119 58.0 8.6 
5701 Inc. 3601-5Cl 44 Seber: 33.0 
5702A Inc. 3798-1,2,4,5,6 61 0.0 63.3 
5703A Ine) 3793-5, 10511 66 54.6 19.7 
5744A YRS 3789 52 5G 1555 
5745A YRS 3790 64 57.8 19.4 
5755BA Y Rees? 0) 70 64.3 16.0 
5778 Inc. 3778-10,17 ye 68.4 9.3 
5779 TNGe3/79-1,10,1/7 66 63.6 14.9 
5780 Inc. 3780-4,6,7,11 70 12.9 70.9 
5788 TNC. yoo 65 69.2 8.4 
5796-1 Inc. 4796-1 62 40.3 flaw 
4775A YRS 2775C1A 63 63.5 929 
4776A YRS 2776C1A 56 S557 6.0 
4777A YRS 2777C1A 48 64.6 19.0 
4792A YRS 2792A 63 3957 29.9 
4793A YRS 2793A 63 ee fen 
4794A YRS 2794A rpi 69.0 isc 
4795A YRS 2795A 65 56.9 17.0 
4797A YRS 2797A 64 70.3 14.5 
4798A YRS 2798A 68 19> 1 5450 
3761-3 YRS 1761-3Cl1 63 19.1 46.4 
3770 277 0Bmm®& 53 4734 P19 
S77. 2771Bmm® 64 76.6 8.8 
3774 2774Bmm® oe 53.9 20.9 
2730 1730mm® 54 20.4 *o239 
Biol 1731m® 65 Coe) 35.6 
2736 1736mm® 60 75.0 9.4 
213i 1737mm® 59 O2aT iio 
2758-1 YRS 0758-1Clmm 50 14.0 5248 
2758-3 YRS 0758-3Clmm 64 Sook ied 
5740 4740aa x A 65 46.2 19.3 
5741 474laa x A 62 40.3 17.0 
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TEST 1676. EVALUATION OF BREEDING LINES AND HYBRIDS 
TO ERWINIA ROOT ROT, SALINAS, CALIFORNIA, 1976 cont. 





No. of % 

Variety Description Roots Resistantl/ pr2/ 
5742 3791(T-0)Claa x A 60 60.0 1225 
5743 3791Claa x A 62 Scere tise 
5750 4755Baa x A 64 Zoe 3 er 
5756 4755aa x YR,MM,S* 63 25.4 34.2 
BPO EL 3791-HS (S})aa x A 64 48.4 1720 
4789 3789aa x A -(C789) 58 535 1732 
4790 3790aa x A i 59 5245 2iee 
3773 1773a-HSA x aa (C773) 55 67.3 16.0 


1/ % resistant = number with O, VN x 100/total. 


ae DI = Disease Index =%% rot/no. of roots. Roots scored on a 
scale of 0,/e1aQVN)5 7 ae2o; 50.875, 93,7-and =100zencte 
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PERFORMANCE OF NEMATODE WILTING TOLERANT SELECTION, SALINAS, CALIFORNIA 


Under High Nematode Infestation 





10 replications | Planted ssApril 2), 1976 

1 row plots, 20 feet long Harvested: October 13, 1976 
ee Acre yield Harvest 

Variety!/ Sugar Beets Sucrose Wilting2/ Count3/ 
Pounds Tons Percent Grade Number 

880 5,086 21.66 v7 330 143 

US H1O 2071 8.88 11.6 Gat 127 

Mean 3,578 1aeee. 1137 cL Beets 

LSD. .(.05 655 ORS NS 0.8 per 

CV_() LO sh 152.3 eee L756 100' 

F value 108.4** 169,2** 0.10 82.1** row 


Under Moderate Nematode Infestation 





10 replications Planteds, sApril,21,.1976 
1 row plots, 20 feet long Harvested: October 13, 1976 
Acre Yield Harvest 
Variety Sugar Beets Sucrose Wilting Count 
Pounds Tons Percent Grade Number 
880 6,449 20 674 1225 5.9 133 
US H10 4,704 19558 12.0 4.9 150 
Mean 335756 22.66 i203 4.4 Beets 
To De (605 940 Save 0.45 O05 per 
CVeGh Lbs / Loe t < 10.7 100' 
F value 17.65** 15,05** fihd = 22./%** row 


Under Nematode Free Conditions 








10 replications Planted: March 16, 1976 

2 row plots, 53 feet long Harvested: October 15, 1976 
Acre Yield Root Harvest 

Variety Sugar Beets Sucrose Rot Count 

Pounds Tons Percent Percent Number 

880 9,020 3410 13: $2 £0;38 115 

US H10 10,790 39.48 rz Lat 138 

Mean 9,905 364/79 PSs5 6.8 Beets 

bot 505 bd Le 0.4 154 per 

CV G) 6 ak Diez. 863 Sia7 100' 

F value Sed OFF 1s 124 65%% 6.18% 38 .27*%* row 


**Exceeds the 1% point of significance. 
*Exceeds the 5% point of significance. 


1/ Variety 880 selected by the Instituut voor Rationele Suikerproductie 
in the Netherlands for tolerance to wilting caused by the sugarbeet 
nematode. US H10 is an unselected check. 


2/ 1 = No wilting, 10 = Severe wilting. 


3/ Yield adjustments made for stand gaps of 2 feet or more. 
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FUSARIUM STALK BLIGHT RESISTANCE TEST 
Salem, Oregon, 1975-76 
Cooperative with West Coast Beet Seed Company 





4 replications Planted: August 25, 1975 
1 row plots, 50 ft. long Rated: ~August 13, 1976 

" ae 1/ 

ntry Description Grade 
4554H1 NB 1 (CMS) x NB 4 0.16 
5505C1 Fy (2563aa x 1502) 0.34 
1502HO NB 1 (CMS) 0439 
1502 NB 1 0.41 
5106Aa 502404 x04 1.04 
5105 (563aa x 502Aa) x (56laa x 536-97) 1.07 
5564H1 (502HO x 562) x 564 1542 
5506C2 Fy (2502aa x 1565) 1.45 
US H10 Commercial variety 1.83 
5522-29821 536-97HO x 522-29 2,07 
F67-563 563 inbred 2.48 
522137 536-97HO x 551 Zed 
5551H5 564HO x 551 SeuP 
3565 565 inbred Jvo9 
5564 564 inbred 3.86 
Mean 1.72 
LSD (.05 0.40 
Coefficient of Variation (4) 16.43 
F value 712 59% 
**Exceeds the 1% point of significance (F = 2.54). 
Single row - 50 ft. long 
2554- (Iso. ) NB 4 inbred . 0.04 
4554H4 3565HO x 2554 (Iso.) 0.06 
5104Aa 2563aa x 4502-1 0.44 
5522-29 Inc. 4522-29 ZeLg 
5551 Ine. 8551 2.98 
4536-97 Inc. 3536-97 S27 


1/ Stalk blight rated on a scale of 0 to 4 with 0 = no disease 
and 4 = dead plant. 
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Yield Compensation in Sugarbeet Infected with Different 
Levels of Severe Beet Curly Top Virus 


I. 0. Skoyen and J. E. Duffus 


Strains of beet curly top virus capable of causing substantial damage 
on resistant cultivars of sugarbect have increased in number and distribu- 
tion in "curly top arcas" over the last 15 to 20 years. However, the 
extent of and the implications of the actual damage and yield losses caused 
by infection with these more severe isolates has not been fully investigated. 


Since naturally occurring beet curly top infection probably seldom 
reaches levels of 100%, the present study was designed to evaluate the 
relationship of inoculated and healthy plants where different percentages 
of plants became infected at different stages in the growth cycle. The 
main objective of the test was to determine the compensation on yield by 
healthy plants growing among diseased neighbors and because of the compensa- 
tory effect, what level of beet curly top virus could be tolerated without 
causing serious reductions in yield. 


MATERIALS AND METHODS--The sugarbeet cultivar US 75, which possesses 
good resistance to curly top, was seeded May 22, 1976 in a split-plot design 
with 5 replications at the U.S. Agricultural Research Station, Salinas, 
California. The main plots were two dates of inoculation, June 24 (early) 
and July 22, 1976 (late), four weeks and eight weeks after seeding. The 
sub-plots were five levels of curly top virus inoculation--16.7, 33.3, 66.7, 
100.0% and an uninoculated control treatment. Main plots were randomized 
within blocks and sub-plotstere completely randomized within main plots. 
Plants to be inoculated were evenly and randomly assigned among sub-plot 
rows. Sub-plot size was four rows, 16.5 feet long. Stands were thinned to 
60 plants per plot prior to the first inoculation. 


A severe isolate of the curly top virus (Logan) collected from Utah 
and as virulent as any isolate previously tested in California was used in 
the inoculation. 


Inoculations were made by attaching two small leaf cages containing 
three leafhoppers reared on virus infected plants to the youngest leaves of 
the plants. The cages were made from 25mm diameter acrylic tubing covered 
at each end by nylon material and held tight to.the leaf surface with bent 
hair clips. Cages remained on the inoculated plants for 1 week. Insect 
survival was over 90% during these inoculation periods. The plants were 
examined at weekly intervals for curly top symptoms until harvest, 

November 11, 1976, when the plants were 24 weeks old. 


RESULTS--Percent infection--As has been established in previous experi- 
ments (Sugarbeet Research Report - 1970, 1973, and 1975), the inoculation 
technique used resulted in high curly top virus infection under field 
conditions (Table 1). In the 1976 test, the inoculation of young plants, 
four weeks after seeding, resulted in about 100% infection of the inoculated 
plants. In plants inoculated eight weeks after seeding, infection 
percentages (as measured by visible symptoms) averaged 64% of inoculation. 
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Table 1. Effects of a severe isolate of the beet curly top virus on a 
resistant sugarbeet cultivar inoculated with different 
percentages of virus and at different intervals after seeding. 


Date (D) Percent Curly Top (P) 


Tnoculated 0 Grey. 330 66.7 100 Mean 


Observed Curly Top Infection (%) 


6/24/76 0.7 16.7 34.7 66.9 ooT2 
7/22/76 0.7 1233 2059 43.3 57.4 


Roots (Tons /Acre) 


6/24/76 Sho a5 DOr: 20.3 2) 23.0 
7/22/76 3224 30.6 3152 STO SO0.2 Sia 
Mean 31.9 Sie 2937 2.7 16.8 
Sucrose (%) 
6/24/76 13.06 13.08 12464 11-95 » Ps p's 12.05 
7/22/76 2 ie 12.85 12.88 12.70 12257 12.74 


Mean 12.89 12,97 12.76 2. oo 11.05 


Gross Sugar (lbs/Acre) 


6/24/76 8,211 OFL93 7,129 4,841 671 5 ,809 
7/22/76 ; 8,228 7,844 8,043 7,884 13513 7,914 
Mean 8,220 8,019 7,586 6,362 4,122 


Weeks After Inoculation to Maximum 
No. Plants Showing Symptoms 


6/24/76 330 4.0 4.8 4.8 4.1 
7/22/76 8.2 1.6 1022 10.8 952 
Mean 5.6 oo eo Do 
Gross Max. 
Roots Sucrose Sugar Symptoms 
T/A i lbs Weeks 
LSD 5% for inoc. date (D) means 2a 0757 638 2.8 
" % CI (P) means 1.9 0.49 538 isd 
ere loteauL cee D 3.0 Qasz 922 Jan 
" Px D interaction Lal, 0.70 760 Rod 
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The 1976 data, which substantiate earlier results, show that a significant 
increase of resistance to infection occurs as the plants increase in size 
and/or age and that this phenomenon may occur early in plant development. 


Root yield--For the early curly top (CT) virus inoculation, significant 
yield losses of 11, 36 and 89% occurred for the 33.3, 66.7 and 100% CT 
treatments, respectively (Table 1). There was no difference in yield 
between the control and the 16.7% CT treatment. A significant yield loss 
occurred only for the 100% CT treatment for the later inoculation date, 
Beeeit Was still 93% of the control. 


The percentage proportion diseased plants contributed to total yield 
for both inoculation dates is shown in Table 2. The catastrophic effect on 
root yield of curly top infection in young plants is clearly evident. 
Healthy plants through compensation, however, accounted for 98, 96 and 89% 
of the root yield for the 16.7, 33.3 and 66.7% CT treatments, respectively. 
Yields of healthy plants (no visible symptoms) for the late inoculation 
ranged from 90% with 12% of the plants of the 16.7% CT treatment showing 
symptoms to 45% with 57% of the 100% CT treatment showing symptoms. 


A comparison of the average root weight of healthy vs. CT infected 
plants (Table 2) shows that as the number of diseased plants increased, 
root weight of healthy plants increased in compensation for diseased 
neighbors. Plants infected early had a mean root weight of 0.43 lbs., or 
8% of the mean root weight of healthy plants. Root weight of healthy plants 
in the later CT inoculation (8 weeks after seeding) was essentially the same 
over all CT treatments with a mean of 4.3 lbs. Diseased plants, however, 
had a mean root weight of 3.5 lbs. or 81% of that of healthy plants. 
Diseased plants tended to have higher average root weights as % CT increased 
indicating that better growth occurred when they competed with fewer 
healthy plants. 


Sucrose--Sucrose content of the early inoculated 16.7 and 33.3% CT 
treatments was no different from that of the control but the 66.7 and 100% 
CT treatments were significantly lower. The 100% CT treatment had a sucrose 
content loss of 28%. Separate sucrose content determinations were made for 
the healthy (no visible symptoms) and diseased proportions for each inoculated 
plot and a weighted average sucrose percentage calculated for use in data 
analyses. For the late inoculation date, there were no differences in 
sucrose content between the control and CT treatments. 


Gross sugar--The effect curly top virus has on root yield and sucrose 
percentages is reflected in the gross sugar values (Table 1). The early 
inoculation caused significant reductions in gross sugar for the 33.3, 66.7 
and 100% CT treatments; however, the late inoculations caused a significant 
loss only in the 100% CT treatment. Gross sugar production for the 100% CT 
treatment was 8% and 92% of the control for the early and late inoculation 
dates, respectively. 


Incubation period--The maximum expression of curly top symptoms 
(number of plants per plot) consistently occurred within a shorter time 
for the 16.7 and 33.3% CI treatments for both inoculation dates than that 
for the 66.7 and 100% CT treatments, although this was not significant 
(Table 1). The mean time period for maximum expression for the early 
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Comparison of root weight and acre yield of a resistant 








RabWer2 
sugarbeet cultivar inoculated at different percentages 
and intervals after seeding with a severe isolate of 
beet curly top virus. 
Date uit) Percent’ Curly Top: $2 = seine 
Tnoculated 0 Ome, Shieh 66.7 100.0 Mean 
Root Yield (Tons/Acre 
6/24/76 
Healthy Sie Sal) 27.0 18.1 ae 26.4 
Diseased -- Dao LZ 2 . 1nd 
Total Sie SS 28.2 200.3 Dien 2852 
Contribution of 
diseased as a % 
of total yield 0 Leo ana Oss 100.0 
TL22016 
Healthy 2 aer 21 3G 2042 19,2 154 7, 23.8 
Diseased yaoi Se Sve. des 16.4 9.1 
Total 32.4 30.6 Slo a1,.0 SOR: 31a, 
Contribution of 
diseased as a % 
of total yield 0 9.8 16.3 38.0 Sle 29.6 
Average Single Root Weight (lbs 
6/24/76 
Healthy 4,21 4.72 5ea5 Tae -- 5.34 
Diseased -- 0537 0.45 O42 0.48 0.43 
Diseased root 
We, BS 274 out 
healthy wt. -- Leo 8.4 5i9 -- 8.0 
7/22/76 
Healthy Meo o “OLS 4.36 4.44 4.14 4.28 
Diseased -- 3e¢19 3.20 3359 3.84 3.47 
Diseased root 
WEewas eanOor 
healthy wt. -- 74 TAs) 81 93 81 


___ 
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inoculation was 4 weeks whereas for the late inoculation, this was 9 weeks. 
This is an important attribute of curly top resistance and substantiates 
1975 test results that increasing incubation periods for later inoculation 
dates are probably the most important factor in disease resistance and 
minimizing damage from infection. 


DISCUSSTION--The prevention of severe curly top virus infection during 
the early period of sugarbeet growth, probably for about 8 weeks after 
seeding, is an important factor in reducing yield losses in areas where the 
disease is prevalent, particularly since present day virus isolates are 
generally more virulent than those of 20 years ago. The period of high 
susceptibility may be shorter in warmer areas where faster growth occurs. 

In instances where infection occurs when plants are about a month old, the 
present study indicates that little yield loss may result if only about 
20-25% of the plants are infected. At this level, healthy plants tend to 
compensate completely for diseased neighbors. Slightly higher early 
infection percentages might be tolerated with longer growing seasons because 
of greater compensatory growth by healthy plants. Even when infection occurs 
later and both resistances to infection and to damage are functioning, 
growth compensation by healthy plants is important to total yield. Observa- 
tions in a 1975 test that the length of time diseased plants showed symptoms 
before harvest was highly correlated with yield losses was also shown in 
this test where diseased plants inoculated 8 weeks after seeding had a mean 
root weight 20% lower than that of healthy plants (no CT symptoms observed). 


Both the 1975 and 1976 tests indicated that the longer the incubation 
period after inoculation, before curly top symptoms developed, the less 
damage or yield loss occurred. It appears, from observations of the two 
tests, that little or no damage from curly top virus occurs until after 
visible symptoms have developed. 
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I. EXPERIMENTAL FIELD TRIALS 
J. Clair Theurer and Devon L. Doney 


Agronomic Data 


1. Soil Types: North Farm - Silty loam 
Farmington Farm — Sandy loam 


2. Fertilizer: North Farm - 500 1lbs./acre of 24-20-0 
Farmington Farm - 580 lbs./acre of 24-20-0 


3. Planting Dates: North Farm - May 5 and 6 
Farmington Farm - April 21 


4. Thinning Dates: North Farm - June 7-11 
Farmington Farm - May 20-25 


5. Irrigations: North Farm - Sprinkler irrigated twice before 
thinning and at weekly intervals after thinning. 


Farmington Farm - Furrow irrigated at weekly 
intervals after thinning. 


6. Harvest Dates: North Farm - October 18-21 
Farmington Farm - October 5-7 


7. Harvesting Procedures: Tops were removed by beating twice 
with a rotobeater, then topped and dug with a two-row 
harvester. Beets/plot were counted as they went into 
a weighing basket on the harvester. Two 10-beet samples 
were taken at random from each 2-row plot for sugar 
analysis. All beets in each plot were weighed to deter- 
mine root yield. 


Selection for Root/Top Ratio 


In 1974 a series of open-pollinated, highly heterozygous lines 
were grown in a space planted (0.6 M) nursery. At harvest time, 
each plant was cone trimmed and the top and root weights taken. 
The root/top ratio calculated from this data for each plant was 
used as a selection criterion. The populations were further 
categorized into three groups based on this specific gravity with 
Group #1 = high specific gravity, Group #2 = medium specific 
gravity, and Group #3 = low specific gravity. Plants with a 
specific gravity of #2 or better and a root/top ratio of >1.9 
were placed in Selection Population 1. Plants with a specific 
gravity of #2 or better and a root/top ration of <1.9 were 
placed in Selection Population 2. 
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In 1975, the two selection populations were grown in separate 
isolation plots and allowed to interpollinate within each popu- 
lation. Seed was harvested from individual plants. Those plants 
producing sufficient seed were tested in a replicated field trial 
ineio76e (SelsePopeanle= TablesBl.sSelivPopi: 2 =fTable’B2)isaFour 
check varieties (GWD2, AH10, U&I8 and US22/3) were randomized in 
both tests. Harvest and impurity data are given in Tables Bl and 
B2. There was a good range in yield in both tests. The check 
varieties fell in about the same place in both tests (Tables Bl 
and B2). Population 1 (Table Bl) was a little higher in yield 
than Population 2 (Table B2); however, they were grown at dif- 
ferent locations in the field. 


The comparison between the check varieties and selections is shown 
in Table B3. The relationships were about the same in each test. 
The selections yielded a little less than the check varieties in 
Population 2, but it wasn't significant. 


The selection for root-top ratio of the mother beets appeared to 
have little influence on the progeny root yield. Correlations 
between progeny root yield and mother beet root/top ratio were 
also non-significant. 


Selection in 2N vs 4N 


Over the past several years, two heterozygous populations have 
been built from the same genetic material. The only difference 
between the two populations is that one is 2N, and the other is 
the 4N complement. 


Our objectives in developing these two populations is to 1) 
determine the effectiveness of selection in a 2N vs 4N population 
and 2) determine in which population selection is most effective 
for the production of 4N x 4N, 4N x 2N, 2N x 4N, and 2N x 2N 
hybrids, 


In 1974, these two populations were planted in a space-planted 
(61m) nursery. Beets were selected, based on appearance only. 
Selected roots were planted in an open-pollinated seed isolation 
plot for each population respectively. Seed was harvested on 
each plant separately. 


Those plants producing sufficient seed were tested in a replicate 
field trial in 1976 (Table Cl = 2N and Table C2 = 4N). 


Four commercial hybrids were randomized in each test to serve as 
checks. In both the 2N (Table Cl) and 4N (Table C2) test, one 
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or more lines equaled the highest yielding commercial hybrid 
(GWD2) in root weight; however, their sugar percentage was low. 
These lines, on a whole, were high yielding but low in sugar 
percentage. 


The selections mean root yield was significantly larger than the 
check varieties mean root yield for both the 2N and 4N popula- 
tions (Table C3). However, the sugar percentage of the selections 
was less than the check varieties for both populations (Table C3). 


This comparison between the selections and the check varieties 

was more pronounced in the 4N populations: i.e., the increase 

in root yield and decrease in percent sugar compared to the check 
varieties were greater in the 4N population than the 2N population. 
However, the two populations appear to be fairly similar at this 
stage of selection. 


We will make further selections for combining ability and test 
the effectiveness of selection in 4N x 4N, 4N x 2N, 2N x 4N, and 
2N x 2N hybrid combinations. 


Commercial Variety Comparison 


Eleven current commercial varieties, nine experimental hybrids 
and the old check variety US22/3 were evaluated for yield and 
Sugar content at two locations, Logan and Farmington, Utah, 
Three entries, Marimono, Monova and Ultramono, are European tri- 
ploid hybrids, Six replicates of two-row plots 38 feet long 
were grown at each location, 


At Logan, HH22, GWD2 and two European triploid varieties yielded 
over 20 tons per acre (Table D-1). Hybrids with L19 parentage 
were highest in sugar percentage. One Europen triploid, Ultra- 
mono, was equal to the L19 hybrids for this character (16.1% 
sugar). Nine varieties were significantly superior in gross 
sugar than the old open-pollinated variety US22/3. 


The performance of the varieties at Farmington is listed in 

Table D-2. Highly significant differences were observed for the 
entries between the two locations. At Farmington, we experienced 
quite severe curly top which is reflected in the beet yield. 
Triploid varieties from Europe, which yielded high at Logan, were 
the lowest in gross sugar. This, no doubt, was due to the curly 
top infection at Farmington. GWD2 and HH22 were lower in yield 
at this location than they were in 1975 (see page B16 of 1975 
Research Report). L37 hybrids had the highest yield at Farmington 
and again L19 hybrids were highest in sugar percentage. Ultra- 
mono failed to show the sugar content at Farmington that was 
observed at Logan, 
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Evaluation of Combining Ability of Russian Diploid Varieties by 
Top Cross Tests. 


Variety Test 4 was a top-cross test consisting of eight Russian vari- 

eties which were crossed as male parents to seven U.S. CMS inbreds to 

obtain an indication of the genetic diversity of the Russian material. 
In addition, four commercial varieties and US22/3 were included in the 
tests as checks. Plots were two rows 40 feet long and replicated six 

times at the Greenville farm in Logan. 


Crosses with 649 and 650 in general showed the poorest vigor and top 
growth development. In general, crosses made to L28 exhibited large, 
vigorous, erect canopies. 


Yield, sugar percent, and impurity data are given in Table 4. GWD2 
check was the highest yielding variety in the test. Several top 
crosses significantly outyielded the other check varieties, and all 
but 12 of them were significantly better than US22/3. 


Analysis of variance and means for combining ability for the Russian 
variety top crosses for gross sugar, root weight, and sugar percent 
are shown in Tables E-2, E-3, and E-4. 


Both males and females showed significant differences in general 
combining ability for the three variables. Specific combining 
ability was noted only for sugar percent (Table E-4). Russian 
variety 645 showed the greatest general combining ability for root 
yield (Table E-3). The 638 variety showed the best combining ability 
for sugar percentage (Table E-4). L9 had the greatest combining 
ability of the inbreds for root weight, but also was the line showing 
the poorest combining ability for sugar percent when associated with 
the Russian material. C3 gave similar response to that observed for 
L9. A5 showed the best combining ability of the female parents for 
Sugar percentage. 


Sugar Percentage of Polish Varieties. 


According to European breeders, Polish varieties have high sugar 
content. This test was designed to evaluate several miscellaneous 
Polish seedlots that we had in storage that were not known to have 
merit for other characteristics. These were planted in three rep- 
licates of two-row plots 20 feet long with two rows of a buffer 
variety between each entry. L8, L19, C17, and D2 were used as 
checks. 


Results 
None of the varieties had sugar percentages equal to L19, (Table F-1). 


P poly, Aj Poly 2, and Poly 2 were best for sugar content. Of note 
was the fact that the entries having the highest sugar were also 
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the best yield entries. Two entries were better than D2 for sugar 
percent, but D2 was significantly higher in root weight than any 
of the entries tested. 


A Comparison of Three Methods of Selection for Sugar Percentage 


of Individual Beets. 


In 1975, two populations, 7225-1 and 7225-2, were grown in strips 
in the field. Plants were spaced approximately 15 inches apart. 

At harvest, each individual root was classified for its relative 
specific gravity by placing the roots in two salt solutions. 
Solution #1 had a specific gravity of 1.066, Solution #2 of 1.056, 
and #3's were those beets that floated in the #2 tank. Selections 
of roots were made from each population for high and low specific 
gravity. The beets were plugged using Stout's method, then cut in 
half. One half was shredded with a vegetable shredder, and the 
other half was saved for seed increase. Twenty beets were selected 
on the basis of their polarimeter reading for each of the shred and 
plug methods. Alternate choices were made so as to distribute 
beets that would be selected by both methods as highest in sugar 

in an unbiased manner. The residual high (#1) and low (#3) 
specific gravity selections from each population that were evalu- 
ated in the laboratory were also retained to represent a selection 
for sugar by specific gravity only. Thus, eight populations as 
described in Table G-l were formed. After the half beets were 
induced for eight weeks, they were placed in groups in isolation 
chambers for seed production. Since the S* gene was in both popu- 
lations, the seed harvested from these plots would be predominantly 
selfed seed. 


The 12 selected populations and the two original parents, 7225-1 
and 7225-3, were planted in two-row plots 40 feet long at the Evans 
farm near Logan. The experiment was harvested September 22, 1976, 
and sugar percent was determined. 


Results 


A comparison of the three individual beet selection methods for 
Sugar percentage is shown in Table G-l. There was a significant 
difference between the high and low selections by each method. 


All three methods were equally effective for selection. The 
specific gravity method has the advantage that it is an easy pro- 
cedure and requires less time than the other two methods. 
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Table E-2. Means of males and females and the A.N.O.V. for combining 
ability for gross sugar (lbs./acre) Russian variety top crosses. 


Logan, Utah, 1976. 


3 


Females Total: A.N.O.V. 
Males A2 C3 F3 G1 P2 L9 Mean : Source df F 
638 6598 6691 5064 6788 Sie 6918 6297 : Treat 35) 3 a2 
642 6498 6829 5013 6629 6300 6212 6247 Males 5 4.42** 
644 7103 6722 5491 6758 6706 6918 6616 : Females 5 12.60** 


645 6867 7247 + 6159 7184 6786 7570 6969 : mxf Zag Ls ooNS 

650 6824 (6613) 5469 6856 6221 6481 6411 ; 

651 7134 6785 5847 7022 6451 7075 6719.3. 15)..0.05.= 665 
Total 6837 6815 5507 6873 6364 6862 
Table E-3. Means of males and females and the A.N.O.V. for combining 

ability for beet weight (T/A) for Russian variety top crosses. Logan, 
Utah, 1976. 


Females Total: A,N.0.V. 

Males A2 G3 F3 Gl P2 L9 Mean : Source df F 
638 7a bie 230. Loe 2220 19.0 242 Ze Treat a5 oe Loe 
642 21.8 2 Li Zoe Lave Lee 21.3 ? Males SL ae 
644 2329 2358 1 Oo 22k Peleg 20.7 Zack : Females 5 24.40** 
645 ZI09 24.8 20.3 240 23.1 Zoo 23.9 : mxf 25 0.88NS 
650 ror Set 22° 6) eer Oy es ao ZO), pa S 2177 : Lop” 0.057= i1..2 
651 eae 24.8 20.0 Zack LL 24.8 22.8 : 

OTS yy ed lial de be as 2 le ac 





Table E-4. Means of males and females and the A.N.O.V. for combining 


ability for sugar percent for Russian variety top crosses, Logan, Utah,1976. 
Females Total: A.N.O.V. 
Males A2 C3 F3 Gl P2 L9 Mean : Source dim er 
638 15.5 1A tek To. dy are 14.3 14.95: Treat 33°93 «1.62% 
Pee Ge Se teed l4.4 14.81 914.9 9 1405 14.7 : Males 5 5.16** 
644 14.9 L401 LA 14.9 kL 3c 14.4 } Females 52 13 .O5** 
645 14.9 14.6 Lsv3 14.7 La. 3 1338 14.7 : mxf Vo es PB 
S500 15.2 (14.6)' 1426 “14.5 h5.0u 14.5 & Lan72: 
651 15.4 14.5 14.6 14.6 J6 0 14.2 14, 7/3 LSD" 0.05 =i) .03 
ees ie 14.500 14.79) 14.75. 15.0 14.05 








+ Numbers in ( ) = calculation by averaging both ways. 
* Significant difference at the .05 level. 
** Significant difference at the .01 level 
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Table G-1. Comparison of individual beet selection methods for 


sugar percentage. 


Sugar Percentage Sugar Percentage 
of Selection of Parent 
Sp. gr. #1 17.5% Le 
Soeeer. ts T7220 14.6 
H S. Plug bi. ot . 17.0 
L S. Plug Le] eed. ee) 
H S. Shred 17.6* 16.8 
L S. Shred Piet P50 


* Significant difference at the .05 level. 
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II. GROWTH ANALYSIS 


EFFECT OF PLANTING DATE ON SUGAR ACCUMULATION 
Devon L. Doney and J. Clair Theurer 


An earlier observation indicated that the same aged and/or sized plants 
accumulate sugar more rapidly in the later part of the summer than at 
earlier periods. 


In order to investigate this observation more thoroughly, a multiple- 
planting and harvesting date experiment was conducted. Four inbreds 
and four hybrids, differing in yield and sugar accumulation potential, 
were planted in a split-split plot design. Planting dates were at 
three-week intervals (June 3, June 24, and July 14). Harvest dates 
began when the plants were six weeks old and every three weeks there- 
after (Table 1). At each harvest date, data were taken on top weight, 
root, weight, and percent sugar. 


The roots grew more rapidly for the June 24 planting date than the 
other planting dates (Table 2). The later in the season the planting 
the more rapidly the same aged plants accumulated sugar (Table 2). 

This reaction was similar for all hybrids and inbreds even though there 
was a great difference in yield and sugar percent among the entries. 


This reaction summed over all entries is plotted in Figure 1. At six 
weeks of age, the June 3 planted plants had 6.1 percent sugar, whereas 
the June 24 planted plants had 9.1 percent sugar, and the July 14 
planted plants had 11.1 percent sugar. 


There appears to be some relationship between root size and percent 
sugar. However, when the root size was plotted against percent sugar 
(Figure 2), the later the planting date the more rapidly the same sized 
roots accumulated sugar. This difference appeared to be consistent 
until the beets reached close to their maximum sugar potential and 
then converged with increasing root size (Figure 2). 


There are two climatic factors that could be responsible for trigger- 
ing the plants to accumulate sugar more rapidly. These are cooler 
night temperatures and decreasing day length. At present, climatic 
factors x sugar accumulation data are not analyzed and cannot be 
included with this report. This data will be evaluated for its 
relative importance in the near future. 
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Table 1. Planting and harvest dates, 


Planting Dates 


Harvesting Dates June 3 June 24 July 14 
July 19 X 
August 9 X X 
August 30 X X X 
September 20 X xX X 


X = harvest dates for each planting. 
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Table 2. Root weight and percent sugar for each harvest, planting 


date, and variety. 


Root Wt. Tons/Acre Percent Sugar 
Harvest Planting Date Planting Date 

Line Date June 3 June 24 July 14 June 3 June 24 July 14 
L37 7/19 0.3 Ae] 

8/9 ed 0.7 13.0 Seo 

8/30 Wel Sao Oo7 biet 16.5 ie 

9/20 6.3 dod 3.0 17.6 ae LacZ 
L19 7/19 0.4 6.4 

8/9 2.8 Da Jd See SEZ 

8/30 4.9 3.8 0.4 213 18.4 125 0 

9/20 8.0 5.8 63 2053 19.5 ae 
L8 7/19 Oe 6.6 

8/9 1.8 0.4 ad 92 

8/30 et iy 0.6 Ly 5 16.4 Live 

9/20 7.9 4.4 aed Lino Liss 15.6 
Ci3 7/19 0.4 Se 

8/9 3.8 eek) L269 we. 

8/30 8.9 4.9 0.9 1p.0 13.9 10.6 

9/20 sO 11.8 4.4 15.8 15.9 13.4 
Loox oT, LO OF7 6r2 

8/9 a6 1.4 Ts. 0 1032 

8/30 LiTG Pe ee 16.6 Load ees 

9/20 1623 i330 Deke Te Lyiee 15.2 
L53xL19- 7/19 Oa 6.4 

8/9 621 1.3 14.6 9.1 

8/30 Za Bist 3 16.8 16.6 Lihad 

9/20 dif k 126.6 otk LBs 2. 1621 16.9 
L53x28 T7A9 0.6 70 

8/9 “ek Tee 14.6 9.5 

8/30 See es 0 16.9 1520 PLS 

9/20 1256 Gian 4.4 geo jie iG 
P53xC1 3 mero 0.8 6.0 

8/9 Da Lise 1344 8.9 

8/30 1231 dak A oaL. 1542 14.4 10.2 

9/20 20.9 15h Det Lbed 1G oa LA 


Totals 7/19 0.6 6o1 
8/9 4.1 120 14.0 9.1 
8/30 S.1 4.8 0.9 Lak 15.8 Lier 
9220 13.0 9.9 4.3 Ly ayo 17.4 Lees 
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Figure 1, The percent sugar vs. age of plants for the three planting dates. 
Data are means of all varieties. 
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Figure 2: The percent sugar vs. root weight for the three planting dates. 
Data are mean of all varieties, 
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GROWTH ANALYSIS OF INBREDS AND HYBRIDS 
J. Clair Theurer and Devon L. Doney 


In 1975, an experiment was established at Logan, Utah, to compare 
some of the morphological growth factors of inbreds of diverse geno- 
type and to note the relationship of morphological characteristics 
and their hybrids. This experiment was continued in 1976. 


MATERIALS AND METHODS 


Seed of nine inbreds and sixteen hybrids was planted in single rows 
20 feet long and 22 feet wide. There were six replicates in the test. 
They were carefully thinned, using a measuring stick to establish a 
complete stand with beets 15 inches apart in the row. 


Five plants were selected in each row for morphological characteriza- 
tion and were tagged with 1 to 5 numbered stakes. When the plants 
were approximately six weeks old, each individual leaf blade was 
measured on each plant for width and length using a 1 cm square grid 
chart. Measurements were made at weekly intervals on each plant 
during the growing season and data were recorded on a tape recorder. 
One studert made all measurements from July 14 to August 25 reading. 
Measurements were also taken September 1 and September 15; however, 
thesedata are not given in this report. Due to misunderstanding as 
to how the plants were to be read, there was too much variation and 
discrepancy in the data taken September 1 and September 17 for it to 
be meaningful. 


The total number of leaves on each plant and an estimate of leaf area 
(leaf width x leaf length) were generated from the measurement data. 


On September 16, all plots were harvested. The tops were removed by 
hand, and both root weight and top weight were obtained for each entry. 


RESULTS 


The gross sugar, root weight, and sugar percent for the inbreds and 
hybrids are given in Table 1. Hybrids with L53 parentage were highest 
in yield, and those with L19 parentage had the greatest sugar percent- 
age. The relative performance of inbreds and hybrids was similar to 
data collected in 1975 for sugar percentage but not for root yield. 
The seasonal interaction may have been influenced by the short growing 
season and also by a lack of optimum nitrogen fertilizer. 


In general, inbreds having the greatest green top weight were also 
those having the greatest root weight. There was no consistent 
relationship, however, of top size with root yield in the hybrids. 


Most inbreds showed a rapid increase in leaf width and leaf length 
until the first part of August. Thereafter, there was a gradual 
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decrease in leaf size for the balance of the season. This, no doubt, 
was due to the change from top-sink strength dominance to root-sink 
strength dominance. 1L53 and L19 had the smallest leaves of the inbreds 
at all readings after July 28. R2 and L37 were the lines exhibiting 
the greatest leaf size. L19 and A5 inbreds did not reach their max- 
imum leaf width until the middle of August, one week later than the 
other inbreds. However, L53, L19, and A5 inbreds reached their max- 
imum leaf length one week earlier than the other inbreds. This shows 

a compensating effect for leaf width and leaf length 


Hybrids showed similar leaf width and length to their inbred parents, 
and in all cases except for hybrids L29xL38, L29xC12, L29xL8, and 
L29xR2 there was heterosis for these characteristics. 


The leaf area for the inbreds is shown in Figure 1. R2, L37, and L38 
have the largest leaf area and L53 the smallest. A5 and L19 reached 
their greatest leaf area by the July 28 reading. All other inbreds 
reached maximum leaf area a week later, August 4. The pattern of 

leaf development was quite similar for the inbreds. However, there 
was a significant difference in growth rate. At the first measurement, 
there was 26.2 sq. cm. difference between the average size of leaf of 
R2 (largest) and L53 (smallest). At maximum leaf area development 
(August 14), the difference was 112 sq. cm. and at the last reading 
(August 25) 86 sq. cm. between these two lines. 


Mean leaf area of hybrids grouped by male parent showed similar growth 
patterns to that of the inbreds (Figure 2). The maximum leaf area was 
observed on August 4, the same date as most of the inbreds showed their 
maximum leaf area. This observation conflicts with data gathered in 
1975. Last year, the hybrids reached their maximum leaf size one to 
two weeks prior to when the inbreds had their maximum leaf area. Only 
three hybrids, L29xC13, A5xL19, and L53xL38, reached a maximum leaf 
area ahead of inbreds. 


There was a steady increase in leaf number of both inbreds and hybrids 
(Figures 3 and 4). L19 and L53 inbreds hybrids had the greatest number 
of leaves. This was a compensation for these lines having the smallest 
average leaf area. L19 and L38 hybrids had the largest number of 
leaves on the average. 


Correlation coefficients of mean leaf area and total leaf area (mean 
leaf area x number of leaves) for the four periods when leaf area was 
increasing during the growing season are given in Table 2. The cor- 
relation values were higher for inbreds after approximately 48 days 
growth (July 21 reading) than for other growth periods. There was 
little difference between the correlation values for hybrids at the 
different growth periods. Correlations with sugar percent were all 
non-significant. Correlation values for mean leaf area and total leaf 
area were very similar. 


One must conclude that the yield of beets and sugar content cannot be 


predicted for hybrids on the basis of critical measurements on the 
leaf area of the tops, 
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Table 1. Gross sugar, beet weight, sugar percent, and top weight for 
inbreds and hybrids in growth analysis experiment. Evans Farm, 


Logan, Utah _ 1976. 


Acre Yield 
Gross Tons Percent Top 
Code Description Sugar (lbs.)Beets Sugar Weight 
1011 LOSxL1L9 5827 ee. 17-9 L2eU 
1013 L53xL38 5618 16.6 LO Lia 
1012 L53xL37 5493 Lb 16.8 9.0 
1003 A5xL38 5403 16am 16.8 1322 
1001 A5xL19 5331 14.8 dre 9 12nd 
1006 L29xL37 Dore 16.0 16.7 9.2 
1014 L53xC13 320.2 Lies 1532 14.0 
1002 A5xL37 5139 15.0 pee 8.7 
1007 L29xL38 oO be oO Le. 5 10 
1016 L53xR2 4853 T4.7, 16; 5 10 
1005 L29xL19 4739 Lote. ia. 7. ito 
1010 L29xR2 4556 14.0 LO 83 10.5 
1004 A5xC13 4547 a ore 15.0 1238 
1015 £5 3xL6 4547 13.2 Lal 10.0 
1008 L29xC13 4338 Lore Loos 8.7 
1009 L29xL8 3983 11.6 Lite 10.3 
1023 Gig 3883 pars Lo we 8.8 
1022 L38 3430 2055 L6Gss 9.5 
1020 L19 3408 9.6 18.4 ou 
1025 R2 2938 8.8 16.6 6.0 
1021 L3? 2617 736 dd: 4.8 
1018 L29 2095 7.6 Te el 6.0 
1017 A5 2442 720 7.4 hate: 
1024 L8 2337 6.6 iy Dine 
1019 La3 1703 Ad 18.0 Bie 
Mean of all varieties pal ae 16.9 O73 
LSD (5% point) 680 Z.0 ‘Ln2 Dek 
Ce aVe Percent Beek 14,2 6.4 20.4 
Calculated F 24 .6%** 25.15% 3.9%%* Lao 





** Significant difference at the .01 level. 


- B30 - 


Table 2. Correlation coefficients of mean leaf area and total leaf 


area with root weight and sugar percent by growth period. 
Growth Period (Days) 


Inbreds 


Mean leaf area x root weight 
Total leaf area x root weight 
Mean leaf area x sugar % 
Total leaf area x sugar % 


Hybrids 


Mean leaf area x root weight 
Total leaf area x root weight 
Mean leaf area x sugar Z% 
Total leaf area x sugar % 
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Fig. 1 LEAF AREA OF INBRED VARIETIES - 1976 
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DATES 


FIGURE 4 MEAN LEAF AREA OF HYBRIDS HAVING INDICATED INBRED AS 
A PARENT - 1976 
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EFFECT OF LEAF CANOPY AND PLANT DENSITY ON YIELD 
J. Clair Theurer 


In the early development of the sugar beet plant, the available photo- 
synthate is partitioned mainly to the top. As the root expands and 
develops, it gradually becomes the dominant sink for photosynthate. 

We lack basic knowledge as to how and when this change in sink strength 
occurs, what, if any, type of leaf structure enhances sink strength in 
the direction we want it to go, and what possibilities there are to 
alter the sink strength relationship by selection or by cultural 
practices. 


A study was established this year at Logan, Utah, to evaluate the effect 
of planting density and different types of sugar beet canopies on yield. 


MATERIALS AND METHODS 


Three lines were used in the test: 1201 had a prostrate growth wherein 
leaves actually rested on or near the ground; 1203 had erect growth 
with leaves almost vertical; and 1202 was intermediate between these 
extremes. The lines had similar vigor but were not isogenic. Therefore, 
comparisons between the three lines for yield and sugar percentage are 
not meaningful. 


Seed of each of the three selected lines was planted in soil in Japanese 
paper pots in the greenhouse. After approximately one month's growth, 
on June 4, 1976, the seedlings were transplanted to the field by hand. 
Each plot was a single row 22 feet long. A commercial variety, UI8, 

was planted in an adjacent row between each plot and at the same density 
as the test lines. The design was a split-plot replicated four times 
with plant density as whole plots. Plant densities were 6, 12, and 24- 
inch spacings within the row. Two rows of UI8 separated the different 
planting densities. 


All plots were harvested September 15, 1976. Top weight, root weight, 
and sugar percentage were determined for each line. 


RESULTS 


The prostrate line showed no phenotypic difference in any of the plant- 
ing densities during the growing season. The erect and semi-erect lines 
tended to show less vertical type canopy at the 24-inch densities than 
at the Gor 12-inch spacings. Root yield data is given in Table l. 
Plants grown in 12-inch spacings significantly out-yielded those with 
more competition, 6-inch, or with less competition, 24-inch spacings. 
There were no significant differences among any of the densities for 

the three genotypes for sugar percentage (Table 2). The results for 
gross sugar were similar to those for root yield (Table 3). 


The 6-inch spacing consistently showed the greatest fresh top weight 
(Table 4). There was little difference between the top weight of the 
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12-inch and the 24-inch spacings for the three canopy types. 


It would appear that canopy type has little, if any, effect on parti- 
tioning of photosynthate but that plant density can affect this par- 


titioning. 
pe OR elgg ee er 


Table 1. Root yield tons/acre of three canopy types at three plant 


densities. Logan, Utah. 1976 
Cano Type ; 
1201 1202 1203 
Density Prostrate Semi Erect : Mean 
6" 6.84 6.27 5.93 6.45 
12" Thee 7.64 7.18 752 
24" 70g 5.93 5.47 i 6.16 
Mean freee G7o) 6.19 
LSD for density and canopy type = 0.50 


| 
© 
© 
oO 


LSD for density x canopy interaction = 


Table 2. Sugar percentage of three canopy types at three plant densi- 


tiles “Logan Utah 2mlo76. 


Cano Type : 
OT 1203 1203 


Density Prostrate Semi Erect i Mean 
6" 15.7 15.9 15.5 : 15.7 
12" 15.9 15.6 15.2 : 15.6 
24" 15.8 16/2 15.9 ; 16.0 
Mean 15.6 1539 Lda 
LSD for density and canopy type OU 


LSD for density x canopy interaction = 0.86 
ea eee 
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Table 3. Gross sugar yield (lbs/acre) of three canopy types at 


three plant densities. Logan, Utah. 1976. 
Canopy Type 


1201 1202 1203 
Density Prostrate Semi Erect Mean 
6" 2136 1992 1841 1990 
12° 2465 2387 2189 2347 
24" 2227 1922 1738 1996 
Mean 2276 2100 1923 
LSD for density and canopy type = 167 


289 


LSD for density x canopy interaction 


Table 4. Fresh top weight (lbs./plot) of three canopy types at 
three plant densities. Logan, Utah. 1976. 


Cano Type 


201 1202 ipZ035 
Density Prostrate Semi Erect Mean 
On OeZD 16 sae 16 we) eee os 
2} o.a5 LSe2) eleew/ 5 aL 
244 Seio 2c LOR ORD 
Mean 9°25 12.92 
LSD for density and canopy type = 1.24 


LSD for density x canopy interaction = 2.14 
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HYPOCOTYL DIAMETER FIELD TEST 
Devon L. Doney 


A series of closely related lines differing in sugar concentration 
potential were tested for hypocotyl diameter in the greenhouse. 

These measurements were used to obtain an estimate of root yield, 
using GWD2 as a standard (Table 2). These lines were also planted 

in the field in a replicated field trial. The test was in a variable 
part of the field and replicated only three times. This resulted in 
a large CV and large LSD (Table 2). However, the yield data fit the 
estimated yield data fairly well except for one line (75802-53). 


We have no explanation for this exception unless there was a mixup 
in seed either at testing time or at planting time. There was also 
significant differences in percent sugar, sodium, and potassium 
(Table 2). 
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HYPOCOTYL DIAMETER TECHNIQUE IN A RECURRENT 
SELECTION BREEDING PROGRAM 
Devon L. Doney 


The hypocotyl diameter of three-week-old seedlings has been shown to 
be fairly accurate in predicting root yield (1974 and 1975 Sugarbeet 
Research Report). This past year we initiated a recurrent selection 
breeding program using the hypocotyl diameter technique to gain an 
estimate of root yield combining ability. 


It takes approximately three to four years to complete one recurrent 
selection cycle using the conventional techniques of testing for root- 
yield combining ability. By the use of the hypocotyl diameter technique, 
this cycle can be reduced to one year. 


The procedure is illustrated in Figure 1. Seed is planted for steck- 
lings in April. By the first of July, they are one to two inches in 
diameter and can be harvested and placed in the cold room for photo- 
thermal induction. After sufficient photothermal induction (October), 
each plant is cut in half. One half is retained in the cold room 

while the other half is potted in the greenhouse, allowed to bolt, 

and crossed to a cms tester line. This takes about three months. The 
seed from these crosses are tested for combining ability by the hypocotyl 
diameter technique in the greenhouse during January and February. At 
the same time (January), the second half of each root is brought out 

of the cold room and potted in the greenhouse for bolting. By the time 
the second half root is bolting, the results of the hypocotyl diameter 
tests for root yield combining ability are available. Based on these 
data the poor combining ability roots are discarded, and the better 
combining ones are retained for an open-pollinated polycross of the best 
roots. Seed from this polycross should be mature by April in order to 
Start the next cycle (Figure 1). 


In our first cycle, we started with 200 roots. One hundred seventy 
were tested in the hypocotyl diameter test for combining ability. Of 
these, 20 were selected as the best genotypes and were polycrossed. 
In order to test our progress, 20 of the poor genotypes were open- 
pollinated in a polycross. Seed from these two polycrosses, plus the 
parent, will be crossed to the cms tester and tested in a replicated 
Prerdatrialeing 9/7. 


Some of the remnant seed of the test crosses were planted in a repli- 
cated field trial in 1976. Because of the small amount of seed avail- 
able, all plants were transplanted. The results of this test are shown 
in Table 1. Three commercial varieties were included as checks. 


The test cross of the best genotypes significantly out-yielded the 
test cross of the poor genotypes by 18 percent (Table 1). This 
compares favorably with the hypocotyl data in that the test cross of 
the best genotypes had a 12 percent larger hypocotyl diameter than the 
test cross of the poor genotypes, There was no difference in percent 
Sugar nor the other impurity factors (Table 1). 
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Recurrent Selection (1 year) 
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Flow diagram for a one year recurrent selection breeding 


Repeat Cycle 


method utilizing the Hypocoty! diameter Technique. 
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SEASONAL ACCUMULATION RATE OF SUGAR FOR YIELD 
AND SUGAR TYPE INBREDS AND HYBRIDS 
J. Clair Theurer and Devon L. Doney 


During the initial year (1975) of our studies on growth analysis of 
the sugarbeet, we evaluated nine inbreds and eleven hybrids selected 
for different sugar content, root yield, and combining ability. 
Growth factors for most entries were parallel. Highest yielding 
lines at the first harvest were highest at the last harvest, and all 
inbreds increased in sugarcontent at the same rate with one exception. 
Inbred L19, a high sugar line, was one of the lowest in percent sugar 
at the first harvest, but it increased at a much faster rate during 
the growing season and showed a 2.7 percent higher sugar percentage 
over other inbreds at the final harvest (see Figure 3, page 52, 

Sugar Beet Research 1975 Report). 


We established a variety trial in 1976 to note if this phenomenon 
was unique for L19 and to determine if the rate observed for sugar 
and yield type inbreds was manifested in hybrids with these inbreds 
as parents. 


MATERIAL AND METHODS 


Seven inbreds of diverse origin and 12 of the possible F, crosses 
between these inbreds were planted in a split-split plot experiment 

at Logan. A hybrid variety and an inbred were used as a buffer between 
the hybrid and the inbred sections of each of the six replicates. Each 
single plot consisted of two rows 22 inches apart and 20 feet long. 


Three harvests were made during the season. The first was made 

July 21, 11 weeks after planting. The second and final harvests were 
made September 1 and October 12, six and twelve weeks later, respectively. 
Ten feet of the two rows in each plot were harvested by hand, and both 
tops and roots were weighed. Two representative tops from each plot 

were weighed when green and after drying to get an estimation of the 

dry weight of the tops of each variety. A sample of pulp from each 

plot was also weighed and dried to determine differences on a dry 

weight basis. All harvested roots were washed and sampled by a multiple- 
blade Spreckels saw, and the sugar percent was determined. 


RESULTS 


Gross sugar and root weight by harvest dates are given in Tables 1 and 
2. Both variables show a linear response for hybrids and inbreds 
except for L53 and Al. These two inbreds had little development in 
root weight between the second and third harvests. C13 showed the 
most rapid rate of increase in root weight for the inbreds, but L37 
hybrids exhibited the greatest rate of root development. 


Sugar percent by harvest dates also showed somewhat of a linear trend 
(Table 3 and Figures 1 and 2). The rate of sugar accumulation was 
greater during the six weeks between the first and second harvest than 
during the six weeks between second and third harvest. Of special 
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note is the observation that L19 had the most rapid rate of sugar 
accumulation of all the inbreds between harvests (Figure 1). Sugar 
percentage at the first harvest for L19 was less than that of L37 and 
L53. The same relationship can be observed for L19 hybrids (Figure 2). 
The rapid rate of increase in sugar was also noted last year for L19 
(see 1975 Research Report, page B52). At the first harvest, L53 had 

a higher sugar percentage as an inbred and also in hybrid combinations. 
This line maintained its initial advantage during the growing season 
and was second to L19 in sugar percentage of inbreds and hybrids at 

the end of the growing season. C13, a high-yield inbred, had the lowest 
sugar percent at the first harvest and showed this disadvantage during 
the balance of the season, both as an inbred and as a hybrid. 


Percent dry matter for roots and tops for the first and third harvests 
is shown in Table 4. L19 had the highest percent dry matter in both 
roots and tops of all the inbreds except for roots at the first harvest. 
L8 and L53 also had relatively high percent dry matter. C13, a yield 
type inbred, had low percent dry matter in roots and tops. Data in 
1975 suggested there was a good correlation with dry matter and sugar 
percent. The dry matter percent of L37, a high-yield inbred, had high 
dry matter which counteracts the possibility of using dry matter as a 
relative indication of sugar content in inbreds. L8 and L53 hybrids 
averaged the greatest percent dry weight for roots and tops for the 
first harvest and for roots for the third harvest. L19 hybrids were 
highest in dry matter for roots for the third harvest. C13 hybrids 
consistently showed the lowest percent dry matter in roots and tops. 
Correlation between the percent dry matter of roots vs tops was 0.45* 
for the first harvest and 0.56% for the third harvest. Correlations 
between percent dry matter of the root and sugar percent were 0.77*%* 
for the first harvest and 0.89** for the third harvest. Percent dry 
matter of tops vs sugar percent showed non-significant correlations 

of 0.41 and 0.28 for the first and third harvests, respectively. 
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Table 1. Gross sugar yield by harvest dates. Seasonal accumulation 


rate study, Logan, Utah. 1976. 


Harvest 
#1 #2 #3 
Code Description (Lbs. /Acre) (Lbs. /Acre) (Lbs. /Acre) 
101 L8 565 3786 5761 
102 L19 499 3733 5899 
103 L37 393 2562 5074 
104 C13 571 4167 7503 
105 L53 249 2993 3381 
106 Al 159 2052 2504 
107 F6 335 2874 5281 
108 L53xL8 599 4154 6513 
109 A1xL8 858 4363 7124 
110 F6xL8 597 3687 5764 
111 L53xL19 915 4842 7389 
un? A1xL19 495 3989 6346 
113 F6xL19 511 3487 6939 
114 L53xL37 iio 5240 8693 
115 A1xL37 884 5276 9485 
116 F6xL37 802 5096 8884 
I7F: L53xC13 647 4649 7812 
118 A1xC13 548 3933 6980 
119 F6xC13 740 4047 7690 
120 GWD2 fz) 5051 8841 
LSD 203 dee 1100 
Leen Vis 30a Lo. 14.5 


Mean 590 3999 6694 
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Table 2. Root weight by harvest dates - Seasonal accumulation rate 


study, Logan, Utah. 1976. 


Harvest 
#1 #2 #3 
Code____Description _—_—_——(Tons/Acre) _(Tons/Acre) _(Tons/Acre) 
101 L8 2593 13.8 20.8 
102 L19 ZOD Jeo lied 
103 L37 2529 9.9 18.6 
104 C13 3235 fin hae) 2/308 
105 L53 ies Oana 1llw4 
106 Al 0.86 Pack 950 
107 F6 1.94 LOF 7, 18.2 
108 L53xL8 2.96 14.0 20.9 
109 A1xL8 4,28 1522 2358 
110 F6xL8 3.47 Le 18.9 
12h L53xL19 4.47 L537 2155 
aly A1xL19 Zee 4-9 20.0 
1713 F6xL19 2.86 LLG7 21.0 
114 L53xL37 3.99 18.9 28.7 
LD A1xL37 4.82 18°39 Size 
116 F6xL37 4.34 Vind 2oua 
cLle7 L53xC13 3.62 Lie 26.9 
118 A1xC13 3.28 15.0 24.5 
119 F6xC13 4.A2 aS we 26e2 
120 GWD2 4.10 18.4 3084 
LSD 0.96 4.0 3a) 
Cou 26.6 14.4 14.1 
Mean 3.20 24.2 22a 


a 
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Table 3. Sugar percent by harvest dates. Seasonal accumulation rate 
study, Logan, Utah. 1976. 


Harvest 
#1 #2 #3 
Code Description Percent Percent Percent 
101 L8 a. 7 0 13.39 
102 L19 9.6 16.0 16.6 
103 L37 8.6 1350 Le: 
104 C13 8.4 TLS 9 Lae 
105 L53 105.5 14.7 14.9 
106 Al 7.3 To 1S. 
107 F6 6 oes 14.5 
108 L53xL8 10.0 14.9 lo 
109 A1xL8 10.1 Loos Loe 
110 F6xL8 9.8 14.5 Loe 
111 L53xL19 LO! 2 15°4 Limz 
112 A1xL19 8.8 14.4 1559 
113 F6xL19 9.0 14.8 16.6 
114 LpSxL37 | oes Dono L5ee2 
115 A1xL37 a. 1 13.0 152 
116 F6xL37 ne, 14.4 Li 
117 L53xC13 9.0 13.5 14.5 
118 A1lxC13 3.3 oe 14.3 
119 F6xC13 8.9 lon 14.7 
120 GWD2 8.7 1335 Looe, 
LSD 0.9 0.6 O29 
c. V. Ou 35.0 5.2 
Mean 9.2 14.0 1550 





Table Wa 


Percent dry matter of roots and tops by harvest date. 
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Seasonal accumulation rate study, Logan, Utah. 1976. 
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THE MECHANISM OF SUCROSE STORAGE IN THE SUGARBEET ROOT 
Roger Wyse 


The mechanism of sucrose storage in sugarbeet root cells is not known. 
Sucrose is translocated to the root via the phloem. Gieger has exten- 
sively studied the mechanism of phloem loading in leaf tissue and its 
location through the petiole to the root. The pathway of sucrose move- 
ment from the vascular tissue into the storage cells of the root has 
not been studied. 


Sucrose movement into the root cells may be the step limiting sucrose 
accumulation. Inadequate rates of unloading the phloem tissue can 
slow photosynthate flow from the leaves. The result is decreased rates 
of photosynthesis. If the rates of unloading are adequate, the move- 
ment of sucrose into the vacuole may become limited. The concentration 
of sucrose in the vacuole approaches 0.75 Molar. Movement of sucrose 
from a low concentration in the free space into the high concentration 
in the vacuole thus requires considerable energy. Our present studies 
are concerned with this aspect of sucrose accumulation in the root; 
movement from the free space into the vacuole. The following are a few 
highlights of this past year's work. 


METHODS 


Disks of sugarbeet root tissue (0.5x5mm) are cut with a hand microtome 
and a sharp cork borer. The disks are then washed in running tap water 
for 30 minutes to remove sugars trapped in the free spaces (cell walls 
and intercellular spaces). The disks are then incubated at room temp- 
erature in 5mM PO, buffer containing the radioactively labeled sugar 

of interest. The solution is continuously aerated during incubation. 
After incubation for three hours, the disks are again washed in running 
tap water for 30 minutes to remove all sugars not actively stored in 
the vacuole. The disks are then extracted with hot 80 percent ethanol, 
and the amount of labeled sugar accumulated is determined by counting 
in a liquid scintillation counter. 


Tissue used for autoradiography at the electron microscope level is 
treated in a similar manner except that after incubation the tissue 
is fixed in gluteraldehyde or Periodate-Lysine-Paraformaldehyde (PLP). 
Preparation for autoradiography is by standard techniques. 


RESULTS 


Using asymetrically labeled sucrose in the uptake studies, it was 
possible to ascertain whether sucrose moves from the free space into 
the vacuole intact, or whether it enters the cytoplasm is hydrolyzed 
and resynthesized before moving into the vacuole. If asymetrically 
labeled sucrose (glucose (C')-fructose) is taken into the vacuole 
intact, all of the label should remain in the glucose moiety. If 
sucrose is hydrolyzed before moving into the vacuole, some of the 
label will appear in the fructose moiety. 
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The results of this experiment indicated two pathways of sucrose 
storage were operative (Table 1). The sucrose in the ethanol extract 
(the sucrose actively stored in the vacuole) contained counts in both 
glucose and fructose. The majority of the counts remained in glucose 
indicating that the principal mechanism of sucrose storage was via a 
non-hydrolyzing pathway; i.e., the sucrose moved from the free space 
into the vacuole without passing through the cytoplasm. However, a 
second pathway is also operating, as indicated by the counts in 
fructose, which results in sucrose movement into the cytoplasm where 
it is hydrolyzed. These results suggest that the non-hydrolyzing 
pathway must be a morphological feature that would allow passage of 
sucrose into the vacuole but prevent contact with cytoplasmic enzymes. 
If this were true, the feature should be visible with the electron 
microscope. A study of root cells from 4-month old sugarbeet roots 
showed such a morphological feature. 


The storage cells of the sugarbeet root have a very thin cytoplasm 
and a very large vacuole (Figure 1). A distinctive feature is the 
vesicles which protrude into the vacuole. These vesicles allow the 
tonaplast and plasmalemma membranes to come into contact. The result 
is a passage from the cell wall into the vacuole that bypasses the 
cytoplasm. However, to prove that sucrose moves via this pathway, it 
was necessary to show that sucrose existed in the vesicles. To do 
this, the technique of autoradiography was utilized. This technique 
‘will detect radioactively labeled compounds in tissue at the EM level. 


Results of this experiment (Figure 2) showed that Ruer Ost eGae taken 

up by the disks was found in vesicles still attached to the cell wall 
and also in vesicles which had pinched off and moved into the vacuole. 
After 30 minutes of washing, all counts remaining were found in these 
vesicles or in plastids containing starch (Figure 3). The counts 

found in starch were very surprising. There is very little starch 
found in the sugarbeet root, and, therefore, its active role in sucrose 
accumulation is surprising. 


A survey of sugarbeet root cells indicated more starch containing plastids 
in cells near the vascular tissue and more vesicles in the parenchyma 
cells located near the center of the interring area. 


Thus, our preliminary results indicate a unique mechanism of sucrose 
storage in sugarbeet root cells. This mechanism is similar to pino- 
cytosis in lower organisms, and this is the first time it has been shown 
to exist in higher plants. 


The incorporation of sucrose into starch before utilization in the cyto- 
plasm or storage in the vacuole is difficult to explain. Currently in 
progress are experiments to determine the significance of this pathway, 
particularly in those cells near the vascular bundles. 
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Table 1. Redistribution of label in asymetrically 
labeled sucrose after its uptake into the vacuole 


of sugarbeet root cells. 


Glucose Fructose 
4% ms 
14 
Sucrose ( C - Glucose) 100 0 
before incubation 
30 minute washings 93 7 


Ethanol Extract 70 30 


a 
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Figure 1. Sugarbeet root cell from near the center of the third ring. 


Note very narrow cytoplasm (c), huge vacuole (V), attached and free 
vesicles. Mitochondria (m) 
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Figure 2. Vesicle (Ve) within a vacuole containing radioactive 
sucrose (wiggly lines). 





Figure 3. Starch containing plastic showing evidence of radio- 
active sucrose incorporation. 
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III. STORAGE AND RESPIRATION 


A PRELIMINARY TECHNIQUE FOR MAXIMIZING THE UTILIZATION OF 
AMBIENT COOLING AIR DURING FORCED VENTILATION OF 
SUGARBEET STORAGE PILES 
Roger Wyse 


Cooling of sugarbeet storage piles as rapidly as possible after harvest 
is of primary importance if storage losses are to be minimized. In 
areas such as Michigan, Ohio, and the Intermountain Region, the ambient 
temperatures at harvest are marginal for rapidly cooling storage piles. 
Therefore, in these areas, it is particularly important to use what 
cooling air is available to its maximum advantage. The simulation 
model described in the previous article is an ideal mechanism for 
developing such a management guideline. Therefore, the model was used 
to develop the following technique for setting the thermostat of venti- 
lation fans to optimize the use of cooling air available. Only the 
final result will be presented. 


RESULTS 


As air leaves the ventilation ducts and passes through the air spaces 
in a storage pile, two things happen: 


1. Heat moves from the beets into the air. 


2. Moisture moves from the roots into the air, increasing 
its relative humidity. 


The result of heat moving from the beet to the air is a reduction of 
beet temperature until it approaches the ventilating air temperature. 
The result of water movement is evaporative cooling. This evaporative 
cooling lowers the beet temperature below the ventilating air temper- 
ature. This concept has been utilized in the following scheme. 


Step 1. Determine the average pile temperature. 


It is important to determine the average pile temperature by 
the following method if the technique is to work accurately: 
Place three thermometers through the vertical profile of a 
storage pile such that a thermometer is located at the center 
of the upper one-third of the mass of the pile, one in the 
middle one-third, and one in the center of the bottom one- 
third of the mass of beets. If this positioning is followed, 
the average pile temperature (the mean of the three thermometer 
readings) will be a true weighted average temperature. 
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Step 2. Determine wet and dry bulb temperatures. 


The wet bulb and dry bulb readings can be taken any time when 
the temperature is between t 10 F of the pile temperature. 


Dry bulb - wet bulb + average pile temperature = temperature 
Z to set fans to turn on. 


These results indicate that normally fans should be set to turn on 
several degrees above the average pile temperature. Evaporative cool- 
ing will lower the effective cooling temperature to below that of the 
roots. Using this technique should add from one to several hours of 
cooling time each day. Over a two- to three-week period, this can 
result in significant cooling over the present method of turning the 
fans on at a set temperature or when the outside air is the same or 
less than the temperature at a single depth in the pile. 


This method is still preliminary and should be used on an experimental 
basis only. 
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COMPUTER SIMULATION OF THE STORAGE OF SUGAR BEETS 
Russell M. Holdredge and Roger Wyse 


INTRODUCTION 


In a typical year in the United States there are approximately 14 
million tons of sugar beets placed in storage units of various types. 
The sugar loss during storage is dependent upon many factors which 
include beet variety, length of storage, beet temperature at time of 
storage, and ambient temperature during the storage period. The rate 
of sucrose loss, or respiration, is a function of temperature through- 
out the storage life and of time during the first several days after 
the beet is dug. To obtain an order of magnitude number for the 
potential sucrose loss during storage, 15 pounds of sucrose per ton 

of beets is assumed. This figure yields a possible loss of 200 mil- 
lion pounds of sucrose per year. Even if current pile management has 
reduced this figure by half, the loss is still of sufficient magnitude 
to be of considerable interest. 


If sugar loss during storage is to be significantly reduced through 
improved pile management and the design of storage structures, addi- 
tional information is needed concerning the heat transfer in a beet 
pile and the influence of cooling by free convection and by forced 
ventilation. A joint program between the Mechanical Engineering 
Department at Utah State University and the Sugar Crops Group of the 
Crops Research Laboratory of ARS in Logan, Utah, has been undertaken 
to supply this needed information by developing a model to simulate 
the thermal and physiological behavior of a beet storage pile. The 
model was programed for calculation on a high-speed digital computer. 
Some results of the preliminary version of the model were reported by 
Wyse and Holdredge (1975). 


The problems associated with this thermal modeling of a beet pile 

are best depicted by examining some unanswered questions associated 
with the pile, with an individual root, or with a section of the pile. 
For the pile some of the concerns are: 

1. Is meaningful information obtainable from a one-dimensional model? 
2. What is the impact of omitting end-effects? 


3. How is the heat transfer from the top of a pile modeled? 


4, What is a realistic assumption for the temperature of the beets in 
contact with the ground? 


In examining a single beet, one might raise the following questions: 


1. How is the shape of a beet described mathematically? 
2. What is the relationship between respiration, time, and temperature? 


3. What is the temperature variation in a beet? 
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4. What is the convection model for energy exchange between the beet 
and the air? 


5. How do we model the freezing of a beet? 
6. How do we account for the water loss from the beet? 


Finally, if a section out of the pile is examined, the problems 
are: 


1. How is conduction between the beets modeled? 
2. What is the temperature and air variation through the section? 


3. How does the presence of other beets in various orientations 
influence the convection model? 


The work of other investigators gives some insight into these problems, 
but answers few questions. For example, the literature of Schalit 
(1965) did not directly address any of these problem areas of 

concern. The work of Villa (1973) gave some help in understanding how 
an individual beet behaves. Also efforts in modeling potato storage 
were examined, Hylmo (1975) for example. The work on potato storage 
helped provide a general understanding of the behavior of a beet pile 
but did not help in answering the specific concerns raised earlier. 


The objective of this paper is to report on the progress to date in 
developing the beet storage simulation model. The experimental obser- 
vations that have been utilized are reviewed. The mathematical details 
of the model are presented. A comparison of calculations and experi- 
mental results is presented and some potential uses of the model in 
pile management are given. For this preliminary work, a one-dimensional 
model was assumed. The results of this effort will then be the major 
factor in deciding whether a two- or three-dimensional model is needed 
or justified. 


EXPERIMENTAL BACKGROUND 


In order to obtain a better understanding. of the ventilation of a 
beet pile, preliminary tests were conducted on a small pile which was 
set up to simulate a section of a large pile. Four major factors were 
observed: 


1. For most pile and inlet air combinations there was no observable 
difference in temperature between the beet root and the air 
immediately adjacent to it. 


2. <A cooling front was observed to pass through the pile as a wave. 


3. Except when the beet is cooled or heated at a rapid rate, the 
temperature variation in the beet is small. 
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4. The beets at the bottom of the pile showed considerable dehy- 
dration. Air temperatures approached the air wet bulb temper- 
ature within 6" to 12" of the bottom of the pile. Measurement 
of relative humidity also confirmed the cooling air becomes 
saturated within a short distance after entering the pile and 
remains saturated as it moves upward through the pile. 


THE MODEL 


The differential equation describing the temperature variation in the 
pile was derived by considering a section of the pile between two 
horizontal planes. The bottom plane is at some arbitrary elevation x 
above the ground, and the upper plane is at an elevation x + Ax. The 
rate of energy added to the section by conduction and bulk fluid move- 
ment (convection) at the lower surface on a per unit area basis is 


T, 
ke Je of ta Puc, ? 


The energy per area leaving is 


G y) thx sna 5 vtAx 


Where ee or sot indicates the quantity is being evaluated at xor 
at x+tAx. The rate of change of energy of the section under consider- 
ation per unit area is 


Z at: 
oT ry 
B A 
(yes aEy a) Pata Tag] 


The rate of energy release per unit volume by respiration is Q"' and 
per unit area is Q"' Ax. An energy balance then yields 
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If Ax+Oand the basic definition of the derivative is employed, the 
resultant differential equation is 


oT or : 73 or 


eer: ae pee pee TA30 Monte! 
Bp phage ltt Baca eton Qt Re an? Daven op" 


Next the results of the preliminary experiments are reconsidered. 
Based upon the first observation, an equilibrium model is assumed, 

or more precisely, at any location and any time 7, = T. > ee ALDe 
second observation indicates conduction between che beets may be 
insignificant. Preliminary calculations show the convection term is 
typically on the order of 20 or more times the conduction term. Thus, 
the second assumption is the conduction is negligible. Finally, in 
any element the energy change of the air is negligible compared to the 
energy change of the beet or 


97 aT 
Pa°n ot ~~ Peep dt 


The final differential equation is 


97 ar 
= oe ae ree 
Bacal « mutans Pp psae @ (1) 


where Q''' is a function of time, t, and temperature, 7. 


The initial condition or initial pile temperature is generally not 
easily described by a simple mathematical function. The boundary 
condition of the inlet air temperature is also difficult to depict in 

a simple fashion. These two factors, when coupled with a desire to 
allow Q''' and the inlet velocity, u, to vary, made a numerical solution 
very attractive. Several attempts to solve equation (1) numerically 
resulted in problems with stability or oscillations in the results 

unless exceptionally small time elements were used. The present scheme 
might be described as forward difference in space and backward difference 
in time and to date no stability problems have been observed. 


Experimental observation number 4 presents a challenge in modeling. 

In addition, most existing experimental data does not include relative 
humidity or wet bulb temperature information. The specific heat ec 

was taken as an effective specific heat of saturated air, or the values 
assigned to ¢c,A7 in any calculation account for the energy change of the 
air and the water vapor plus the energy involved in vaporizing the water 
absorbed from the beets as the air is warmed. 
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This procedure neglects the cooling effect due to the initial saturating 
of the incoming air. This latter effect is, however, much less than the 
cooling accounted for by using the effective specific heat. Also an 
effective compensation, as noted by Wyse and Holdredge (1975), is to 

use the air wet bulb temperature, if available, as the inlet air temper- 
ature. 


The model can be effective in predicting beet pile behavior only if the 
respiration is known and adequately represented in the model. The 
respiration data reported by Wyse (1976) was fitted by the method of 
least squares to the equations 


te. = Ciexp (Bit 4 A,t) 


and 
Bs 
Ry = Cex ar + At E 


The equation which best represents the respiration in the time period 
under consideration is then selected in making the calculations. 


COMPARISON WITH EXPERIMENTAL RESULTS 


Figures 1 through 7 present the comparison of the prediction of the 
model and experimental data supplied by Utah-Idaho Sugar Company. It 
should be noted that all elevations are feet above ground level. The 
results from the 10 cfm/ton rate of cooling are especially good. For 
the 20 cfm/ton ventilation rate there is good agreement except for the 
18-foot level. Part of the problem at this 18-foot level may be with 
the initial temperature variation which was used in the model predic- 
tion. In this case, the initial variation was based upon data from 
only three pile points. If this profile had placed the cooling front 
nearer the 12-foot level, the agreement at the 18-foot level would be 
better since the cooling front would have passed at a later time. For 
the 40 cfm/ton cooling rate, the agreement is good except for the time 
period 9 to 10 days. 


Figure 8 gives the variation of the ventilation air temperature. No 
data was available for two time periods, one near 6 days and the second 
near 8 days. The arbitrary values used in the simulation are shown. 
There is also a possibility that the ventilation fans were not in 
operation during the warm period near day 9; however, in making the 
simulation, it was assumed the ventilating fans were in operation. The 
final reduced data from Utah-Idaho Sugar Company indicates the venti- 
lation rates of 20 cfm/ton and 40 cfm/ton used in the simulation are 
probably 10% high. 
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In conclusion, the comparison of experimental and simulated results 
indicates the model is surprisingly effective in predicting pile 
behavior. 


USE OF THE MODEL IN PILE MANAGEMENT 


Figures 9 and 10 are only two of an almost unlimited number of com- 
parisons that could be made for use in pile management. These figures 
indicate the importance of initial pile temperature, cooling air 
temperature and ventilation rate on sugar loss. The effective pile 
temperature, a parameter which is generated by the model, could also 
be included in the comparison. Another example of use of the model 
would be to develop criteria to be used in answering questions such as 


1. For specified air temperature and pile temperature variation, 
should the ventilation fans be on or off? 


2. If the pile should be ventilated, what is the most effective 
ventilation rate? 


Only time and experience with using the simulation will yield the most 
effective use of the results in beet pile management. 


FUTURE PLANS FOR THE MODEL 


Several improvements in the model are currently in the planning process. 
These include the ability to handle the freezing of beets, accounting 
for pile geometry, modeling the energy transfer for the non-ventilated 
pile, improvements in the respiration equations, including a non-equil- 
ibrium model for the case of rapid pile cooling, and improvement in 

the treatment of the energy transfer from the top and side surfaces. 
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Comparison of experiment and simulation for 10 cfm/ton 
ventilation at 3 foot elevation. 
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Comparison of experiment and simulation of 10 cfm/ton 
ventilation at 12 foot elevation. 
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Fig. 3. Comparison of experiment and simulation for 10 cfm/ton 
ventilation at 18 foot elevation. 
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Fig. 4. Comparison of experiment and simulation for 20 cfm/ton 
ventilation at 3 foot elevation. 
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Fig. 5. Comparison of experiment and simulation for 20 cfm/ton 
ventilation at 12 foot elevation. 
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Fig. 6. Comparison of experiment and simulation for 20 cfm/ton 
ventilation at 18 foot elevation. 
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Fig. 9. Influence of pile temperature and cooling rate on 
Sugar loss. 
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Fig. 10. Influence of cooling air temperature on Sugar loss. 
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IV. INSECT RESISTANCE STUDIES 


EVALUATION AND SELECTION FOR ROOT MAGGOT RESISTANCE 
Carl C. Blickenstaff, J.C. Theurer, and D. L. Doney 


Ten inbred lines of sugar beet showing differences in root maggot 
populations in 1974 and damage ratings in 1975 were rated again in 
1976 under a much higher maggot infestation. In addition, crosses 
between some inbreds rated high, medium or low damage in 1975, an 
inbred check, a hybrid check, a commercial variety and two broad- 
based populations were included in the test. The 33 entries were 
randomized in eight replicates. Seed was planted by hand in ten 
"hill" single rows with spacings of 12 inches in the row and 22 
inches between rows. Seedling plants were thinned to one per hill. 
Perfect stands were not obtained and varied from 2.6 to 9.5 plants 
per entry at the time of rating. Some reduction in stand was 
caused by the sugar beet root maggot, but most was due to poor 
germination, planting too deeply, or both. All surviving plants 
were dug on July 14-15 and rated for damage on an O = none to 

5 = severe scale. Average plant height per plot was recorded on 
June 4, about the time of peak fly activity. 


Selections from the first cycle of a recurrent selection study were 
also evaluated in 1976. Seed was produced at Logan, Utah, from 
mother roots selected for high and low damage in 1975. The amount 
of seed available was rather limited. Plots of low (L) and high (H) 
selections were seeded in three 10-foot side-by-side rows. These 
were compared with single-row plots of the 25Al original parent, 

an inbred check, and a hybrid check. Plots were randomized within 
eight replicates. Seeds were planted by hand in hills one foot 
apart within the rows on April 27 and later thinned to one plant per 
hill. Average height per plot was recorded on June 4 at the time of 
peak fly activity, and the plants were rated for sugar beet maggot 
damage July 16. 


Results 


There were significant differences for height and mean damage 
ratings by root maggots for inbreds (Table Djemel2oeands bo. were 
rated low in damage during all three years. Entries 89 and AN039 
have rather consistently rated high in damage. The mean damage in 
1976 was greater than in 1975 for all entries. There was a high 
rank correlation (r = 0.89) for the damage rating of the inbreds 
during the two years if L19 was excluded. 


The correlation between plant height and damage rating for the 
inbred lines using the averages for each line was Qvi6c¢nse(n.=- 10)" 
when lines L89 and L29 were omitted, the correlation was 0.92%** 

(n = 8). Plant height significantly influenced the damage rating. 
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Inbred L29, although relatively tall at peak fly activity, was 

rated very low for damage and was tentatively classed as resistant. 
On the other hand, inbred L89 was only moderately tall but had the 
highest average damage rating and was tentatively classed as most 
susceptible to damage. Hybrids of low, medium, and high maggot 
damaged inbreds tended to have a damage rating near that of the mid- 
parent (Table 2). Low x low hybrids gave low damage, while hybrids 
having a high-damage parent were highest in root damage. 


Progeny of plants selected for high root maggot damage in 1975 
sustained the highest average damage in 1976 (Table 3). They were 
also the smallest at time of fly activity and had the poorest stand: 
this could be due to less vigor, greater damage, or a combination of 


the two. 


Progeny of plants selected for least damage in 1975 had significantly 
(1% level) less damage than those selected for high damage. 


The original parent was intermediate between H and L for height, 
stand, and maggot damage. 


These data (Tables 2 and 3) demonstrate that selection and breeding 
for low maggot damage are effective. 
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Table 1. Height anddamage rating for sugar beet root maggots on 
inbreds at Kimberly, Idaho, 1974 - 1976. 


1976 
Avg. No. Plt. Hgt. Mean he fs 1974 
Pits./ 6/4 Damage Damage No. SBRM 
Identity Rep. Inches Rating Rating Per Plt. 
L29 ee 2.48 Loe 1.06 0.6 
L35 4.7 Tre i 935 +62 0.6 
132 on 1.88 Dee 1.03 a3 
Re soo 167 ey i bm th 2e0 
L37 7.4 2008 2520 eee 9.9 
EL39 Se 243 2ea3 Le23 0.8 
L53 4.4 2.00 Dies) 1e2o 520 
L28 6.5 eee 2.30 POU L132 
ANO39 ta ato 2.63 oe 15.6 
L89 all Za3 2.79 1937, 1506 
L19 Inbred 4.4 Zeon ZOD 1.01 223 
1166 Hybrid Check 6.0 2.88 2.40 
25Al Rec. Sel. Broad- 6.3 1.59 2.50 
base 
25A2 Rec. Sel. Broad- 5.6 2.00 29 
base 
UI-8 Nee ee es 255 
LSD .05 C267 
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Table 2. Sugarbeet root maggot damage ratings for crosses between 
lines rated for low and high damage in 1974 and 1975. Kimberly, 


__ Idaho #19/6. | 8 ee 
1976 


Pit. Hees Mean 
Avg. No. 6/4/76 Damage Mid- 

Identity Pits. /Rep Inches Rating Parent 
Low x Low Cross: 

P356x7 29 oo DED, 2.19 1.88 
Low x Medium Crosses: 

1538x7129 553 Bf03 2-01 2.09 

b354x5L53 SS) 2.59 285 2b 
Medium x Medium Cross: 

osaoe bos 6.5 3.00 211 2531 
Low x High Cross: 

L29 x L89 4.0 2.66 2.38 2a a 
Medium x High Cross: 

Sve x26 by 3) 2.19 2334 2e32 
Gaol 0.67 








Table 3. Recurrent selection for resistance to the sugarbeet root 


maggot. Kimberly, Idaho, 1976. 
No. Plants Pita Hets 


% of Per- (in )e@at Damage ot 

Seed Entry Rated fect Stand Peak Fly Rating 
Low Damage 194 80.8 L939 Zoe! 
1975 Selections 

High Damage 136 Oy 1.80 2.818 
1975 Selections 

Original Parent 60 om TOL 2.428 
25Al 

L19 Inbred Check 49 Gigee Ded 2.310 
1166 Hybrid Check 66 B20 2.50 2.549 
LSD 0.370 


1/ Plants were rated individually on a scale of O=no damage to 
5=severe damage. 
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GASKILL, J. O. and ROBERTO EHRENFELD K. Breeding sugarbeet for resistance 
to yellow wilt. J. Am. Soc. Sugar Beet Technol. 19(1):25-44. 1976. 


Conclusive evidence was obtained in field tests of 1972-73 and 1973-74 
at the Estacion Experimental La Platina, near Santiago, Chile, that measur- 
able progress had been made in breeding sugarbeet for resistance to yellow 
wilt. The level of resistance attained thus far in breeding lines is not 
high, but the evidence strongly indicated that further progress can be made. 
The results suggested the existence of useful sources of resistance, other 
than the sugarbeet. 


The general failure of selected, diseased plants to produce seed after 
transplanting has been a serious obstacle in the breeding work. Results 
obtained in 1973 indicated that relatively satisfactory seed yields can be 
obtained from such plants with the aid of repeated treatments with the 
antibiotic, Terramycin. 


In early selection and breeding for yellow wilt resistance in Argentina 
and Chile, it was concluded that plants without symptoms of the disease at 
the end of the vegetative growth period, under severe yellow wilt exposure, 
were simply escapes and consequently of little or no value for resistance 
breeding purposes. Evidence presented in this report indicated that, for 
at least some of the current breeding material, such plants may possess 
genes for resistance and should not be excluded from the breeding program. 


HECKER, R. J. and E. G. RUPPEL. Rhizoctonia root-rot resistance in_sugar- 
beet: breeding and related research. Accepted for publication in J. Am. 


Soc. Sugar Beet Technol. 


Losses from root rot of sugarbeet (Beta vulgaris) caused by Rhtzoctonta 
solani are increasing in several U.S. beet production areas. A program of 
breeding for resistance has resulted in slow but continuous improvement of 
resistance. After inoculation, infection is effectively resisted by up to 
70% of the plants in the most resistant breeding lines, compared to 0 to 5% 
in commercial hybrid varieties. Partial dominance for resistance has been 
demonstrated in experimental hybrids. Two generations of backcrossing was 
only slightly effective for incorporation of resistance into a susceptible 
genotype. The effect of selection solely for resistance did not drastically 
reduce the genetic variance for sucrose yield components. The interaction 
of genotype X fungus strain was not found to be of practical significance. 
The resistant breeding lines have been resistant to RF. solant isolates in 
several locations in the United States and Japan. 


HECKER, R. J. Quantitative genetic and breeding methods in sugarbeet and 
other crops. Accepted for publication in Proc. Pickling Cucumber Improve- 
ment Comm. Meeting, 1976. 


Genes conditioning quantitative characteristics in plants cannot be 
precisely described or manipulated in a direct manner. Breeders of quan- 
titative characters must rely on applied statistics to learn about genetic 
control of the character of interest. Three general methods of analysis 


Si 


have considerable applicability in plant breeding. The factorial method of 
genetic analysis is a subqualitative method of discovering the genetic con- 
trol of relatively simply inherited quantitative characters. The partitioning 
of variance components tells the breeder the types of gene action conditioning 
a character. The diallel analysis method allows comparisons of general and 
specific combining ability in different breeding families or lines. All 
three of these methods help the breeder determine the type of genetic contro} 
conditioning specific characteristics such as yield, plant height, quality 
characters, disease resistance, etc. From this genetic information the 
breeder is better able to decide the most effective breeding method to use 
for improvement of the character or characters of interest. 


HECKER, R. J. and E. G. RUPPEL. Registration of diploid and tetraploid 


FC 701/4 and FC 703 sugarbeet germplasm. Accepted for publication in Crop 
Sea 


The diploid and autotetraploid forms of FC 701/4 and FC 703 sugarbeet 
were developed by the ARS, USDA, in cooperation with the Beet Sugar Develop- 
ment Foundation and the Colorado State University Fxperiment Station. All 
the lines are multigerm and moderately resistant to Cercospora leaf spot, 
and they have relatively little bolting resistance. 


FC 701/4 is a product of two cycles of recurrent selection for Rhizoctonia 
resistance following four cycles of mass selection from GW 674. 


FC 701/4 (4X) is the C3 colchicine-induced autotetraploid of FC 701/4. 


FC 793 is a product of two cycles of recurrent selection for Rhizoctonia ~ 
resistance from FC 702 X FC 701. These parents had been developed by four 
cycles of mass selection from C 817, a high-production synthetic from an 
adapted open-pollinated variety, and GW 674, respectively. 


FC 703 (4x) is the C3 autotetraploid of FC 703. 


In field tests over 3 years, these lines exhibited the greatest resist- 
ance to a highly virulent root-rotting strain of Rhtzoctonta solant and to 
all other root-rotting and damping-off strains of R. solant to which they 
were exposed. At harvest, 40 to 65% of the roots were healthy, compared to 
0 to 6% of the roots of commercial varieties. As pollinators, these lines 
showed varying degrees of partial dominance for resistance. The tetraploids, 
when used as pollinators, imparted an additional increment of resistance to 
some resulting hybrids. In the absence of disease, the sugar yield of these 
lines was below that of commercial varieties. These lines can be used as 
pollinators in hybrid seed production or as a source of resistant germplasm. 


RUPPEL, E. G. and S. J. PETERSEN. Effect of benom 1 on in vitro and in vivo 
biology of benomyl-tolerant strains of Cercospora betteola. Approved by ARS 
for publication in J. Am. Soc. Sugar Beet Technol. 


Increased concentrations of benomyl in vitro inhibited growth of two 
benomyl-tolerant strains of Cercospora bettcola, but had little effect on 
conidial production. Viability and length/width (L/W) ratios of conidia 
produced in vitro tended to decrease with higher concentrations of benomyl, 
dependent upon the fungus strain. Increasing the benomyl rate applied to 
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Sugarbeet tended to decrease disease severity, sporulation, conidial viability, 
and L/W ratios of conidia of tolerant strains. The adverse effects of benomyl 
on growth processes were less pronounced on the most tolerant strain. Disease 
severity incited by both tolerant strains was reduced equally at each higher 
concentration of fungicide. The limited degree in which increased benomyl 
concentrations inhibited growth and disease severity of tolerant strains 
indicated that continued use of benomyl in the field would not eliminate these 
strains from the indigenous fungal population. 


RUPPEL, E. G. and B. J. TOMASOVIC. Epidemiological factors of sugar beet 
powdery mildew. Accepted for publication in Phytopathology. 


Susceptibility to powdery mildew (Erystphe polygont) in sugarbeet inocu- 
lated 2, 4, 8, 12, and 16 weeks after planting increased with plant age. Of 
33 plant species representing 19 genera in nine families, only Beta atripli- 
etfolia, B. lomatogona, B. macrocarpa, B. macrorhtza, B. maritima, B. patula, 
B. trtgyna, and B. vulgaris (red beet, sugarbeet, Swiss chard) were highly 
susceptible to the fungus from sugarbeet; B. patellarits was highly resistant. 
Atypical infection spots occurred on senescent leaves on one Chenopodium 
ecapttatun and two Rumex crtspus plants, but the hyphae did not spread, sporu- 
lation was minimal or nonexistent, and the fungus ultimately disappeared. 
Powdery mildew conidia (Erysiphe spp.) from Amaranthus retroflexus, R. ertspus, 
and Solanum sarachotdes growing in sugarbeet fields did not infect sugarbeet 
in the greenhouse. Vegetative mycelia or conidia of the fungus remained 
infectious in sugarbeet leaf debris buried outdoors in soil for 60 but not 
90 days. Infected leaf debris stored at room temperature, in a refrigerator 
at 3-4 C, or in a protected area outdoors over winter was noninfectious when 
tested after 60 days storage. E. polygont-infested seed yielded healthy 
seedlings, and inoculum prepared from infested. seed was noninfectious to 
sugarbeet. The brief life of the fungal vegetative stage, the absence of 
the perfect stage, specificity for the genus Beta, and the yearly sequential 
spread of the disease support the theory that overwintering of the fungus 
mainly occurs in the southwest from where conidia are carried northward and 
eastward by prevailing winds. 


SMITH, G. A., S. S. MARTIN, and K. A. ASH. Path coefficient analysis of 


sugarbeet purity components. Accepted for publication in Crop Sci., March- 
Aprilvissue, 1977. 


A detailed analysis of the association of ten chemical and agronomic 
characters with purity in three sugarbeet (Beta vulgaris L.) genotypes was 
used to develop models to identify the components having the greatest effect 
on purity. 


Potassium, betaine, and sodium followed by nitrate nitrogen, amino 
nitrogen, and sucrose were the most important variables in the 12 best models 
developed to explain purity. R2 values (percentage of ascribed variation in 
purity) for these 12 best models ranged from 89.5 to 94.7%. Soluble non- 
sucrose constituents increased in quantity from high plant population density 
to low density, but this linear change did not greatly affect models con- 
structed to account for juice purity either at regular or low nitrogen fer- 
tility. 
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SMITH, G. A. and S. S. MARTIN. Effects of plant density and nitrogen fertility 


on purity components of sugarbeet. Accepted for publication in Crop Sci., 
May-June issue, 1977. 


The influence of plant density and nitrogen fertility level on purity, 
sucrose content, and eight other chemical components affecting purity were 
examined in a 2-year field study of three sugarbeet (Beta vulgaris L.) 
cultivars. There were significant differences among cultivars for all 
analyzed characters in one or both years. Between the two nitrogen levels, 
raw juice concentrations of ash, total N, amino N, nitrate, betaine, sodium, 
and potassium were greater, and chloride, sucrose, and purity lesser under 
regular N than low (residual) N, though the differences were not always 
statistically significant. Impurities generally decreased with increasing 
plant density, and differences among the four densities were significant 
for most components in both years. These differences were largely, but not 
solely, due to differing amounts of nitrogen per plant. Of the three main 
effects analyzed, plant density and cultivar were followed by soil nitrogen 
level with respect to effect on the ten variables measured, and very few 
first or second order interactions were detected. 


Published Papers Abstracted in Sugarbeet Research, 1975 Report 


HECKER, R. J. and E. G. RUPPEL. Polyploid and maternal effects on rhizoctonia 
root rot resistance in sugarbeet. Euphytica 25:419-423. 1976. 


QUALITY AND BREEDING RESEARCH 


Effects of Plant Density and Nitrogen Fertility on Purity Components.-—-G. A. 
Smith and S. S. Martin. 


A two-year study was conducted to determine the influence of plant density, 
nitrogen level, and cultivar on chemical components affecting juice purity. A 
preliminary report of one year's data appeared in the 1974 Sugarbeet Research 
Report. Three cultivars (GW Mono Hy D2, Holly HH-21, and FC 702/4) were field- 
grown in 1974 and 1975 at two nitrogen fertility levels (R = Regular = 114 
kg/ha N as ammonium nitrate; L = Low = no applied N) and four plant population 
densities (118,900; 59,450; 29,700; and 19,800 plants per hectare). Soil tests 
indicated residual nitrogen of about 45 kg/ha in 1974 and 70 kg/ha in 1975. 


Means for purity and nine chemical characters affecting purity are sum- 
marized in Table 1, averaged for 1974 and 1975. The trends shown by these 
averages are essentially identical to those shown by the data in each separate 
Study year. Characters showing significant differences from a main effect or 
Ist- or 2nd-order interaction were not consistent in both study years. The 
low frequency of significant interactions was especially striking because of 
the known disparity for agronomic and chemical characters of the three culti- 
vars studied. 
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Excluding sucrose and purity, within each nitrogen level the compon- 
ent concentration for each genotype was usually inversely proportional to 
plant density. For example, potassium means for cultivar I under low N 
and decreasing plant densities were 103, 110, 117, and 134 mg/100 ml, 
respectively; under regular N the corresponding values were 109, 118, 128, 
and 141 (Table 1). At a given N level, the amount of N present per plant 
decreases with increasing plant density, so it was possible the inverse 
proportionality observed between purity component magnitudes and plant 
population density might be an effect of the availability per plant of 
nitrogen, the only major nutrient applied, rather than of plant density. 
To examine this possibility, we calculated component means across geno- 
types at the eight levels of nitrogen initially present per plant (i.e., 
at each of the eight plant density and nitrogen level combinations) 

(Table 2). The sum of residual nitrogen plus applied fertilizer nitrogen 
was taken as a satisfactory approximation of the nitrogen initially avail- 
able per unit area, although it must be recognized that all factors of the 
nitrogen cycle (including the rates of nitrogen fixation, nitrification, 
leaching, mineralization, and crop growth) affect the amount of nitrogen 
actually available to a plant at a given time. 


If all component concentration changes resulted from nitrogen supply 
alone, in Table 2 one should see both increasing component means with 
increasing nitrogen per plant, and similar component concentrations at 
nitrogen-density combinations that resulted in nearly equal amounts of 
nitrogen per plant. Correlation coefficients confirm the general fulfill- 
ment of the first of these requirements, as only chloride means were not 
significantly correlated with nitrogen initially present per plant. Purity 
and sucrose, as many previous studies have shown, were strongly negatively 
correlated with nitrogen per plant. 


At the pair of initial N levels R-3 and L-1 (Table 2) the amount of 
nitrogen per plant was almost identical, but the plant population density 
at R-3 was three-fold that at L-l. Concentrations of the nitrogenous com- 
ponents amino N, nitrate, and total N were nearly the same or slightly 
lower at the lower density, whereas the nitrogen-containing betaine and 
non-nitrogenous inorganic compounds were present in higher concentrations 
in the sugarbeets grown at the lower plant density. Presumably plants at 
the lower density had less competition for the fixed amount of inorganic 
compounds present, and thus accumulated more of these compounds than did 
plants grown at the higher density. The accumulation of nitrogenous com- 
pounds (except betaine) seemingly was more affected by nitrogen present 
per plant and less by plant density, yet the important effect of plant 
density is shown in Table 3. At each of the four plant densities studied, 
the change in component magnitude per gram increase in initial nitrogen 
level per plant is tabulated. This rate of change was greatest at the 
highest density for every component except potassium, for which the rate 
was slightly higher at the second highest density. 


The data of tables 2 and 3 demonstrate that altered chemical component 
concentrations at different plant densities are affected by but are not 
solely due to level of N per plant. Coefficients of determination (r2) 
calculated from the correiation coefficients of Table 2 suggest that 60 
to 92% of the variability of each character's means may be explained by 
variability in nitrogen initially present per plant. The remainder must 
be due to other factors, including plant density. Many factors such as 
moisture and nutrient availability, leaf canopy size and light utilization, 
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Table 1. Summary of means! for 9 characters and purity for’ 3 cultivars ace 
plant densities and two nitrogen levels.? 





Plant per hectare 
er a a ae 


118,900 59,450 724 700 19,800 
Cultivar? Low N Reg. N Low N Reg. N Low N Reg. N Low N Reg. N 
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I 656 =a 624 9.3.099746, yo! 1384. 911, Sate 16 OM 

Chloride II 10.3 19858) °13.5'00a307 120; 8500 161osgae DOkSeneeen 
III 7.94iae7e? 9.10! 922 +» 12259 ©4119 0rsech 46h mee 

I 393.6) 418+1.© 410:3 431.6: 1945549... 465401 475e See eee 

Ash II 465:4) 47729" ©465.3)151427 295361 3615575 8953 15 Ge 
III 403.7 422.8 415.0 456.6 426.6 458.8 479.1 518.6 

I 95:5.4095%3) 95:2" 294.7° ~\94b4el :94n90 l.9G OMe 

Purity II 9552091942 609889439 © 94.012 94972006 93.3), 9h) ae 
III 95.4) 094.5% 9194:91'0 94.7) 1909582 90-9497101 694 oe 

I 17.2 °21750.A891783 01639 el) 1701 sabi ed soba 7k 

Sucrose II 17.0. :16.7 | j17s2y 16:6 1628. 9816 cen 16. 7 
III 1727 26.17.1199 417960) 1721! 18 7580 216 some ko ae 


ee a a ee 
IMeans presented are the average of 1974 and 1975 experiments. 


2Values for sucrose and purity are in %, whereas values for other characters 
are in milligrams/100 ml of raw juice. 


3Cultivars IT, II, and III = GW Mono Hy D2, Holly HH-21, and FC 702/4, 
respectively. 


CO on 


and temperature fluctuations in the microenvironment differ with plant den- 
sities, affecting both growth and accumulation of impurity components. 


Table 2. Character means! arranged according to increasing nitrogen initially 
present per plant, and correlation coefficients between character 
means and nitrogen per plant. 








Grams nitrogen per plant Correlation 
0.48 oe o7 1.44 1.94 2.88 ceoU ver 8.66 coefficient 
Character L-42L-3 R-4 L-2 R-3 L-1 R-2 R-1 r 
Amino N 31.0 syage 36.0 ole 2 36.8 34.413 37 2B 39.0 0.84%* 
Nitrate 20.5 20.8 Zhe 2 ie 28.9 26 30.4 SA oa. 0.94%* 
Total N 180..8 gals oto 167.3hd914520) ol4Gs8aicl4l 25 1151.29 158.7 0.85** 
Betaine B20 Sapa 3 lg5733 bh. 701945461 033.45:6395 2353 «Or 361 21 3380.6 ).96** 
Sodium B07 34.1 54.2 AS end 56.3 42.3 42.4 AS 1 0.86%** 
Potassium TOMO Mei aero. fo eizoe? = 124.0 135-/ > 134.2) 14228 ).91%** 
Chloride 8.3 10.6 nat R622 Gr 3 13.9 Lone Oe a2 
Ash 690-97 430. 250939 06... 472. 90262 Del. .467.02:0,.454.0-.505.5 0.77% 
Purity 95+36-—-95<-00-—94.80—-944-7 644 9.4446-—-94.036,—94:..30~..93.:50..20.944* 
-90.85%** 


Sucrose Pe o0s ts 36, 896093, 17.138 dd,87 16,99 815785 15.71 





Isucrose and purity are in percent. All other characters are in mg/100 ml 
raw juice (presentation as mg/100 g sucrose would simply accentuate the 
trends shown). 


2Nitrogen-density code. Nitrogen: R = Regular = 171 kg/ha; L = Low = 57 kg/ha. 
femeity: 4,95. °2,71 = 118,900; 59,450; 229,700; and™19,800 plant/ha, respec- 
tively. 


*,**Values of 0.707 and 0.834 required for significance at 5% and 1% levels, 
respectively. 


Means for ash, total N, amino N, nitrate, betaine, sodium and potassium 
were greater, though not always significantly so, at regular N than at low N 
(Tables 1 and 2), whereas chloride behaved oppositely and seemed associated 
primarily with plant density rather than N level. The correlation coeffi- 
cient between chloride content and initial nitrogen per plant was not sig- 
nificant (Table 2), and at levels R-3 and L-1, where N per plant was almost 
identical, average chloride content at the lower density was almost twice 
that at high density. In contrast, there was much less difference in 
chloride content at any fixed density, despite regular N or low N conditions. 
The other important anion analyzed, nitrate, was significantly correlated 
with initial nitrogen level. The ratio of nitrate to chloride, calculated 
at each plant density to remove the large influence of this variable on 
chloride, was always greater in plants grown under regular N than those under 
low N (Table 4). The increased ratio at regular N must arise from a combin- 
ation of the slight depression of chloride content (Table 2) and a greater 
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increase in nitrate content in plants grown under regular N. The important 
effect of plant density on chloride uptake is illustrated by the consistent 
decrease in nitrate to chloride ratio with decreasing density within each 
nitrogen column. The decreasing ratios must result from the greater chloride 
content at lower plant densities, becasue nitrogen present per plant and 
therefore juice nitrate concentrations increase within each column as plant 
density decreases. More chloride ions than nitrate ions are eccumulated at 
lowest density and no applied nitrogen (low N), whereas almost two nitrate 
jons are accumulated per chloride ion at highest density and regular N appli- 
cation. These data appear to suggest that chloride may be preferentially 
accumulated relative to nitrate, and that as chloride available per plant 

is limited by increasing plant density, nitrate is accumulated in greater 
proportion. : 


Table 3. Change at four plant population densities in component concen- 
tration per 1.0 gram increase in initial nitrogen level per plant. 





Plant density (plants/ha) 





Character 118,900 59,450 29,700 19,800 
Amino N yee Ze2 0.81 0.38 
Nitrate Ze. sg 1.3 1.9 
Total N Wao 459 ba6 251 
Betaine 12.0 722 452 4.8 
Sodium 3.0 242 0.86 Laz 
Potassium Lal ee 228 353 
Chloride - 0.83 -0.21 -0.60 -0.54 
Ash LoD -1.6 -4.9 6.6 


Table 4. Effect of plant density and nitrogen fertility level on nitrate 
to chloride ratio in sugarbeet raw juice extracts. 


NOZ to Cl~ ratio* 


Plants per hectare Regular N Low N 
118,900 1.87 1.41 
59,450 1.62 1¢.12 
295700 12:25 0.90 
19,800 122 0.77 


*Ratio calculated from data in meq/liter raw juice. 
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Comparisons of Raw Juice and Thin Juice Purity.--R. J. Hecker and S. S. 
Martin. 


Laboratory thin juice has been for many years the standard (albeit 
imperfect) for purity in research programs. It replaced raw juice purity 
which was widely used prior to the development and modification of the 
thin juice method by Brown and Serro, and Carruthers and Oldfield. Inade- 
quate work has been done on the relationship of thin juice and raw juice 
purity and the sucrose and nonsucrose components of each. Following are 
some observations relative to this problem. 


In Table 1 are listed 10 cultivars and 4 juices extracted by different 
means. Cultivar 358 was a sugarbeet-fodderbeet hybrid, and 362 was a fodder- 
beet. The other cultivars are current and obsolete varieties, and experi- 
mental hybrids. The standard thin juice process was used. The raw juice 
extract refractive dry substance (RDS) was determined by a direct refracto- 
meter reading. The extract was then lead defecated and the polarization 
read in an optical saccharimeter. 


Table 1. Cultivars and juices, and their effects on fresh brei sucrose and 
thin juice purity. 


Te ee ere aa EE 


Entry or Sucrose Thin juice Extract 

juice no. Cultivar or juice (4%) purity(%) purity (Z) 

eee es ei 
353 US H9B 14.6 c! 95.1 al 92.02 
354 US H20 13.9 d 95.4 a ey. 
355 HH 10 15.4 ab 94.9 a 915 
356 GW 359 Lo.0ce 95.6 a 91.4 
357 GW Mono Hy Al 15.973 95.7 a O253 
358 52-305 CMS X Ovana Lieu 91.8 b Sat 
359 3-way exp. hybrid | a Pe Bet est 92.1 
360 52-307 CMS X 54-346, Fy %.7 *e 96.0 a 92.2 
361 52-305 CMS X 52-307, Fy 14.9 be 95.8 a 91.8 
362 Ovana (fodderbeet) hehe £ 83.5 ¢ 78.0 
I 1:1 (W:W) brei extract; 7.1 b3 93.2 ¢ 90.1 

immediate analysis 

IV 1:1 brei to boiling water io en 91.4 b 88.2 


extract; samples frozen 
prior to purity anal. 
VI 1:1 brei to water extracted 7.0 b 96.9 a 89.0 
with juicerator; samples 
frozen prior to purity 
anal. 
VII 1:1 extract from frozen 7i58#a 93.0.c 80.0 
brei; juicerator 
ee SE SE EEEEE—_—_—— a ae 
lMeans within the same column and group followed by the same letter are 
not significantly different (a = 0.05). 


2extract purities of cultivars are for juice q 


3Sucrose content of the 1:1 extracts. 
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The correlations of raw 1:1 extract and thin juice purity are shown 
in Table 2. The total correlation across all cultivars and juices is 
0.90. Within juices the correlations are similar and relatively high, 
but within cultivars the correlations are quite dissimilar with the high- 
est correlations occurring for the fodderbeet (entry 362) and the fodder- 
beet hybrid (entry 358). This indicates a closer correspondence between 
raw 1:1 extract and thin juice purities in low quality beets. The last 
line of Table 2 shows the relatively low correlations within juices when 
these two low quality entries were excluded. 


In a more recent experiment we found the correlation to be only 9.32%** 
between undiluted expressed raw juice and thin juice purities. The means 
in this experiment are shown in Table 3. The raw juice purity was much 
more variable than thin juice purity, although the variances of the purity 
components were not significantly different (Table 3). Hence, the signifi- 
cantly different variances of the two purities must have arisen through the 
combination of dissimilar RDS and sucrose components. This possibility is 
reinforced by the fact that the correlation was Galy*O 232% 


As part of our research on beet quality assessment, we have in progress 
additional studies on the relationship of raw juice and thin juice purities. 


Table 3. Comparison of variances of raw juice and thin juice purities, 
and their components (Experiment 1, 76). 


rr 


Character Mean Variance! 
Se eee eee ee ee eee aN eae ee SB 
Thin juice purity sah Cento tes 
Raw juice purity — S522) 8.011 
Thin juice RDS Ei.58 0.380 
pax NS 
Raw juice RDS 16.69 0.443 
Thin juice pol sucrose -- 2 Saat 
Raw juice GLC sucrose L423 C05 tad, k 
|e }NS 
Fresh brei sucrose 14.41 0.038 





ILast three variances (for sucrose) are in standard units. 


2Not possible to convert to sucrose on fresh weight basis. 
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Comparison of aluminum chloride and lead subacetate clarification of normal 


weight sugarbeet brei extracts. I. Sucrose determination b olarimetry.-- 
2 yor y 


See Gun MarteL ni. 


Clarification of normal-weight sugarbeet brei extracts with aluminum 
chloride (1.0 gram anhydrous salt per liter) was compared with the standard 
lead acetate clarification. Eighty samples were obtained from field-grown 
plants of 8 experimentalhybrids. Each sample was analyzed by both procedures, 
which were identical except for the solution added. Sucrose content was 
determined with a Thorn-NPL Type 243 automatic polarimeter. 


Lead-clarified and aluminum-clarified samples had polarimeter sucrose 
means and standard deviations of 14.41 + 0.95 and 14.39 + 1.01, respectively. 
The correlation coefficient (r) between the two sample types was 0.987, and 
a paired sample t-test indicated no statistically significant difference 
between the sample types [t = 9.801 ns; tg.95 (af 79) = 1-98]. Thus the 
aluminum clarification procedure is satisfactory for pol sucrose determin- 
ations on normal weight extracts, with the primary advantage relative to 
lead being aluminum's non-toxicity to humans and to other organisms poten- 
tially affected by waste disposal. In addition, aluminum chloride is 
readily soluble in water and solutions are easily prepared. However, the 
anhydrous salt should be handled with care and its solutions prepared in an 
efficient hood, as the salt reacts with water with violence and liberation 
of considerable heat. 


An examination of the equivalence of the lead-clarified and aluminum- 
clarified filtrates for analysis of sodium, potassium, chloride, nitrate, 
amino N, total N, and betaine is in progress. 


Results of Two Cycles of Reciprocal Recurrent Selection in Sugarbeet.-—- 
KR. J. Hecker. 


For a number of years, I have been carrying on a reciprocal recurrent 
selection study in order to evaluate the breeding method as a means for 
improvement of sugarbeet. Two cycles have now been completed. In theory, 
reciporcal recurrent selection should result in the accumulation of genes 
with superior additive effects and of genes which interact to produce 
superior performance. We have demonstrated in previous experiments that 
both additive and non-additive gene action are important in Sugar yield, 
especially in the case of root yield. Hence, the breeding method should 
be useful for developing improved sugarbeet genotypes. 


In the study, the source A population was Am. #2 Mono, a monogerm, open- 
pollinated, high sucrose, high purity variety (now obsolete) from the American 
Crystal Sugar Company (not adapted in northern Colorado). Source B was GW-359, 
an adapted multigerm open-pollinated variety (now obsolete) from the Great 
Western Sugar Company. Both cycles of the study were commenced with rigid 
phenotypic selections for root type, size, and sucrose from both sources which 
were crossed reciprocally using hypocotyl color for hybrid identification. 

The female (green) plants were selfed to preserve the maternal genotype. After 
the progeny tests in each cycle, synthetics were produced from selfed seed of 


aL a= 


maternal plants with superior progeny performance. Recoverable sucrose was 
the principal criterion for progeny evaluation in the first cycle. In the 
second cycle, progeny evaluations were also made for root yield and sucrose. 
In making the synthetics in the second cycle, some S; lines were included in 
more than one synthetic, especially in the case of recoverable sucrose and 
root yield. Some of the synthetics were increased through two generations 
of open pollination (OP, and OP). The per se performances of these various 
synthetics are compared in Table 1. However, the most important evaluation 
should come from the crosses between the A and B synthetics (entries 996, 
997, and 998), since the breeding method should accumulate, from source A, 
genes which combine well with genes in source B, and vice versa. 


In Table 1, the performances of the Syn A X Syn B crosses (entries 996, 
997, and 998) indicate that two cycles of reciprocal recurrent selection 
have failed to isolate genotypes from sources A and B, which, when combined 
together, produce plants superior to the better of the two sources (entries 
1014 and 1017). ° On the other hand, the performances of the synthetics per 
se indicate that the method was effective in improving the root yield of 
the poorer source (A) when the emphasis was on root yield, but not of the 
better source (B) (see entries 1903, 1910, and 1015). Simultaneously, 
sucrose and purity of the better sucrose and purity source population (A) 
were sacrificed (see entries 1000, 1006, and 1909). 


When the greatest selection pressure was on sucrose, the Syn B X Syn A 
hybrid (entry 998) was no better than the better sucrose parent (A) (see 
entry 1017), but root yield and recoverable sucrose were none-the-less 
sacrificed (see entry 998 at 11.6 and 1.74 kg/plot, respectively). The 
per se performance of the synthetics showed an improvement of the low 
sucrose source population (8) (see entries 1912 and 1016) but not of the™ 
high sucrose source A population. 


Under selection for recoverable sucrose there was no improvement in 
the Syn B X Syn A hybrid (entry 997) and only one synthetic with improved 
per se performance (entry 1005). 


The source populations were significantly different for each character, 
source A had high sucrose and purity whereas source B had high root yield 
and recoverable sucrose. The breeding method appears to have succeeded or 
failed in the following ways. 


1. Succeeded in isolating genotypes with primarily additive effects 
for higher yield in the low yield source population (A), and for 
higher sucrose in the low sucrose source (B). 


2. Failed to isolate genes with additive effects in the high yield 
and high sucrose sources. 


3. Failed to isolate genes with non-additive effects for high yield 
and high sucrose. 


In general, the method would have to be considered a failure. It has 
accomplished no more than might be expected from recurrent selection or 
possibly even from mass selection alone. It has probably failed because of 
insufficient precision to detect genes with small additive effects and genes 
with large additive effects but present in a very low frequency. Also, it 
has failed because of the inability to detect genes with nonadditive interaction 
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Table 1. Root yield, sucrose, thin juice purity, and recoverable sucrose 
of populations from reciprocal recurrent selection studies. 





Root wt. Sucrose Purity Rec ssuc. 





Entry Population kg/plot ho he kg/plot 

996 2nd. Cy sSyn AX. 2nd, Cy Syne; 1535 15.62 95.0- 2eh5 
for root yield 

1000 2nd Cy Syn A OPo9; for root L534 13.9 95.2- 2oror 
yield 

1006 2nd Cy Syn A OP,; for root 16. 3+ 14.9- 967. 3— Zaher: 
yield 

1009 2nd Cy Syn A; for root yield 14.7+ 15.6- 95.2- 2.04+ 

1003 2nd, Cy Syn; B..OP2; for root Lo.ai2 Lon 95 ad 2614 
yield 

1010 2nd,.Cy Sym-B OP) :.£formeroot 16.9 14.6 94.2 2621 
yield 

1015 2nd Cy Syn B; for root yield 14.7 15.55 95.6 2.07 

998 2nd Cy Syn B X 2nd Cy Syn A; 11.6- 16.6 95.8 1.74- 
for sucrose 

1001 2nd Cy Syn A OP»; for sucrose 129+ 16.2 Ons 1.927 

1007 2nd Cy Syn A OP,; for. sucrose Lh8 16.3 96.3 La 

1002 2nd Cy Syn B OP»; for sucrose 39 15,7 95.5 1.98 

1012 2nd Cy Syn B OP,; for sucrose 14.5 16.4+ lee dns 2.16 

1011 2nd Cy Syn A; for sucrose b2 43 16.2 96.2 Lasts 

1016 2nd Cy Syn B; for sucrose Lek 16. 2+ 95 Ho Lei 

997 2nd Cy Syn BexXe2nd Cy=syn_ A; rea To20e Sak 2.02 
for recoverable sucrose 

999 2nd Cy Syn A OP»; for recover- L2cot LS.0 96.1 1.83 
able sucrose 

1005 2nd Cy Syn A, OP;3) for recov. Ce Ot 16.4 96.5 2.0L 
sucrose 

1902 2nd Cy Syn B OP»5; for recov. 13-9 Poa a ee 1.938 
sucrose 

1008 2nd Cy Syn B OP); for recov. Leer toro go 5s 2.06 
sucrose 

1020 2nd Cy Syn Bs for recov-suc. 13.6- 16.4+ 96.0+ 2.04 

1013 Ist Cy Syn B OP, 160 16.3+ 95.4 2Ee 

1021 Ist Cy Syn B 14.1 laa 95.0 1.96 

1027 lst Cy Polycross composite a) 15.5- 95.5 2.02 


of superior A X B crosses 


1017 Source A 10.8 1625 96.6 1.64 
1014 Source B 153 Tose 94.8 2.08 
LSDe 15) 1.6 Oa7 L2 0.023 





+ or - indicates mean is significantly higher or lower than the source popu- 
lation or the higher source (in the case of crosses). 
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effects (effects probably small and relatively infrequent). These deficiencies 
may have been due to the inability to achieve 100% hybridization in the A X B 
and B X A test crosses. In this study the test crosses were about 75% hybrids 
and 25% sibs, based on a separate experiment to establish the frequency of 
hybridization. Unless the combining ability of source A with B was quite 
dramatic, the masking effect of 25% sibs in the test hybrids would probably 
prevent the identification of relatively small or infrequent additive and 
nonadditive effects in the test crosses. 


Other adaptations can be devised that would insure 100% hybridization in 
the test crosses of reciprocal recurrent selection in sugarbeet but it would 
require the use of self fertile source populations that also were segregating 
for Mendelian male sterility. The limitations that this would impose on 
choice of source populations would probably restrict use of the breeding 
method to academic studies. Hence, it would appear that reciprocal recurrent 
selection is not likely to be of value to the applied sugarbeet breeder. 


Results of Five Cycles of Recurrent Selection for General Combining Ability.-- 
hen ie Hecker. 


A small recurrent selection program in sugarbeet has been carried through 
five cycles. The performance of the synthetic populations from each cycle is 
reported here. 


In fact, the study was a combination of mass and recurrent selection for 
general combining ability. The original population, GW 359, was an open- 
pollinated multigerm variety (now obsolete), adapted in northern Colorado. 

Each cycle was commenced with phenotypic selections which were greater than 

one standard deviation above the mean of the population for root weight and 
sucrose content (sometimes over two standard deviations, depending on num- 

bers of individuals available). These phenotypic selections were inter- 
pollinated and the open pollinated progenies from each selection were then 
compared in a field test. First cycle maternal plants were asexually pro- 
pagated and the first cycle synthetic was generated from asexual plants which 
had superior progeny. The 2nd, 3rd, and 4th cycle synthetics were generated 
from a composite of the open-pollinated seed from maternal plants with superior 
progeny. The 5th cycles synthetic was from S; seed of superior maternal plants. 
Sixty to 100 progeny lines were evaluated each cycle except cycles ands 2710 
which there were only 27 and 30 progenies, respectively. Each synthetic was 
used immediately for the next cycle without a generation of interpollination. 


The synthetics from the five cycles are listed in Table 1 along with the 
source population. The selection method resulted in a loss of root yield, 
significant in the 3rd, 4th, and 5th cycles. There was also a significant 
loss in recoverable sucrose in the 4th and 5th cycles. Sucrose and purity 
were unchanged, except the 3rd cycle which had an inexplicably higher sucrose. 
Hence, the breeding methods used were not successful in isolating and increas- 
ing the frequency of genes with superior additive effects and/or interactions. 


Recurrent selection as used in this study should sort out and increase 
the frequency of genes which combine well with other genes within the popu- 
lation, and should increase the frequency of genes with large additive effects. 
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The method has failed miserably. Among the more plausible explanations are 
(1) there was no segregation for genes with large additive effects; this was 
possible; (2)too few individuals were progeny tested to pick up higher com- 
bining genotypes; this was possible; (3) there were few or no segregating 
genes that interacted well with other genes in the population; this was not 
likely since earlier studies on the variety GW 359 showed that superior 
genetic deviates did occur in the population, and that those individuals 
were likely superior because they were a recombination of genes which inter- 
acted favorably; (4) significant self pollination was occurring; this was 
not likely; and (5) unequal contribution of parents to synthetics; this was 
possible. 


Results such as these are disheartening for breeders. It is because 
breeding methods are not as effective as they theoretically should be that 
new methods are needed in sugarbeets and other crops to identify and isolate 
superior combining genotypes. Such new methods, in my opinion, are likely 
to utilize physiological or biochemical measurements or assessments, especially 
for root yield, along with combining ability tests, and recombination of 
promising types. 


Table 1. Root yield, sucrose, purity, and recoverable sucrose of populations 
from recurrent selection studies. 


Root wt. . Sucrose Purity Recov.suc. 
Entry Population kg/plot Zé % kg/plot 
1023 lst Cy Syn from Loa eo 95.2 Zit 
asex. plants 
1025 2nd Cy Syn 1329 153.0 Oar 1.96 
1024 3rd Cy Syn . 13.2- LO 3+ 99 ah 1.94 
1026 4th Cy Syn Tics Lag Sed 1.60- 
1018 5th Cy Syn ive DD .0 94.6 Lie 
1014 GW 359 (source) ey ed Dee 94.8 2.08 
ESDECZ05) L6 0.7 1eZ 0023 


+ or - indicates mean is significantly greater or less than the source popu- 
lation. 


Breeders Seed Quality and Stand.--G. A. Smith. 


One of the consistent and perennial problems in sugarbeet breeding pro- 
grams is the limited quantities of seed from crosses involving limited numbers 
of plants. This problem is often accentuated by incomplete pollination and/or 
other environmental factors which cause seed quality to be reduced. In our 
breeding program, this problem has necessitated over-planting of seed to in- 
sure complete stands within our experimental plots. Frequently, this over- 
planting results in very thick stands which then require additional time 
and expense thinning. Experience has shown that 1.5-2 grams of seed for a 
20-22 foot row is dispensed well by our cone planter. 


= Cla = 


With recent acquisition of an "Oliver" air-gravity seed processing table, 
we can now process small quantities of seed (as low as 150 grams). Use of 
this machine enables separation of a seed lot into many sublots, each of which 
may differ morphologically and/or physiologically. We have found that separ- 
ation into 3 seed lots (A, B, and C lots) gives the best separation for the 
wide disparity of seed lots in our program. We usually retain the A and B 
lots and discard the C lot. Even very poor seed lots are improved drastically 
by one pass over the table. "A" seed lots most frequently give 80-100% crack 
tests after one pass over the table. 


The experiment reported here was designed to determine how much seed of 
differing crack tests would be required to establish adequate stands in our 
20 foot plots with a minimum of hand thinning. The objective was not to plant 
to stand. 


Table 1. The number of plants per foot as influenced by quality and amount 








of seed. 
Crack! Seed? 
Genotype Test % mixture gms. Plants/ft 
mA Ot 100 2 eer Oo 5.50 
A 100 ie 2eOG 
A 100 pe ee Woe 
he 40 Zia Oe 2.48 
t> 3B 40 Lalas is 1.26 
1 B 40 eet Loe 1 0.82 
2 A 84 gb 4.02 
2 A 84 beetle ee 
2 A 84 a oetel oko i leks 
ZB . 36 20k Cas 
= 5 36 eu tat: Gf Tree 
2 5 36 Lit sites th 0.81 
er 80 eer it Let 
3 A 80 Peete ale eS 
aa 80 wa eer oka. 0.78 
aa 5 20 eee at) 0.78 
Sao 20 Delete 0.49 
a 20 Te rel eed ete 0.28 
4 A 80 Sete ne tee pennies 
4 A 80 eee a 2.90 
4 A 80 ele el rt aro 
4 B 64 ee al 4.23 
4 B 64 Ale teren 2023 
4 B 64 fo let belt Peon 


Icrack test % is based on a random sample of 100 seeds. 


2Seed mixtures were 2 grams live (1) seed, 1 gram live (1) seed, .5 grams live 
(1) seed plus O grams heat killed (h) seed, 1 gram heat killed (h) seed, or 
1.5 grams heat killed (h) seed. 
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In this study, seed lots of four breeding lines with differing initial 
crack tests were processed over the gravity table and the "A" and "B" seed 
lots crack tested. Each of these seed lots were then planted 3 ways: 2 grams 
of seed alone, 1 gram of seed plus 1 gram of heat killed seed, and one-half 
gram of seed plus 1's grams of heat killed seed. The experimental design was 
a randomized block with 12 replications. Stand counts, as number of plants 
per foot, were taken May 19, 1976 (30 days after planting). 


A summary of the results are presented in Table 1 above. One gram of 
live seed plus 1 gram of heat killed seed, gave adequate stands (1.5-2.9 
plants per foot) for seed lots which crack tested 64% or greater. 


These same seed lots with a 64% or greater crack test gave more than 
adequate stands with 2 grams of live seed alone (2.7-5.5 plants per foot). 
These same lots generally gave inadequate stands when only .5 gram live seed 
were planted with 1% grams of heat killed seed. The major deficiency with 
this planting rate was non-uniform within row spacing. '"'B" seed lots of 
genotypes 1 and 2 which had low crack tests gave adequate stands and fair 
distribution as long as 2 grams of live seed were planted. 


Although several exceptions were noted, we have concluded that seed lots 
with crack tests of 80% or greater will give adequate prethinning stands with 
1 gram of well distributed seed per 22 foot of row. 


Experimental Hybrids Involving Rhizoctonia Resistant Pollinators.--R. J. 
Hecker and G. A. Smith. 


As new or advanced rhizoctonia resistant lines are developed in our 
program of breeding for resistance, we have combined them with a series of 
experimental and commercial male sterile lines. These experimental hybrids 
are used in an assessment of the combining ability of the resistant pollin- 
ators. In 1976, we evaluated 97 such hybrids. Table 1 lists the most 
superior among these hybrids, evaluated under disease free conditions in a 
10 X 10 triple lattice (6 reps) at Fort. Collins. 


None of the experimental hybrids were significantly better than the 
check. However, several of the hybrids merit further testing for potential 
use in production areas where rhizoctonia root rot may be a problem. 


The general combining ability rank of the pollinators (best to worst) 
was as follows:. FC<703 (4n), (FC1J02/5eX EC°701/5, F5)saFC°701/4 (4n); 
FC 703, FC 703=GH-Sel., FC 702/5.mBC 4/02/74 s(44n), FC 70ljo. FC /02/4, "ang 
FC 801. 
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Table 1. Superior experimental hybrids in the 1976 test of hybrids 
involving rhizoctonia resistant pollinators. 
Recov. Root Baths 
Entry sucrose yield Sucrose purity 
no. Hybrid (T/A) (T/A) (%) (%) 
870 (562 CMS X 546) X FC 703 3.43 2540 15.5-} 94.4 
Boies. O00 CMS XX F103 Wan) J.39 Zale 16.9 95.0 
852 [(FC 504 CMS X FC 502/2) X 3.34 7a) 16.9 Oe 
662119s1] X FC 703-GH Sel. 
881 (100363 X 12166) X FC 703 (4n) a e50 23.6 15.8 94.8 
867... FC 602 CMS X FC 703 (4n) 3.33 22.8 16.4 94.8 
876 GW 918 X FC 703 (4n) 5.3! ZreO 16.3 94.7 
899. 9399 X FC 703 (4n) 3.31 24.0 16.0 9350 
869 [{FO 2504. CMS Xx erd 502/27) "x. a. 30 24.1 15.8 9357 
662119sl1] X FC 701/5 
896 H65-02-69 X FC 703 (4n) 3.30 23 6 hoa 94.4 
875 9399 X FC 701/4 (4n) ahs 2350 25 a 
911 (562 CMS X 569) X FC 703 ae) Zio 9 16.3 94.7 
846 E 929 X FC 701/4 (4n) Se 18 eed Je 94.0 
895 LGEC 9504).CMS eX FC 1502/2). X SAL. 8 20.8 16.8 on6 
662119s1] X FC 702/5 
864 [(FC 504 CMS X FC 502/2) X vale Zoe toro 94.9 
662119s1] X 703 
898  H65-02-69 X FC 703 Sal f 2 dled 16.6 95.21, 
Check Mono Hy D2 aeo0 elas Lon 94.7 





1 _ indicates a mean significantly smaller than the check. 
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Taproot Growth Partitioning Ratio and Seedling Hypocotyl Diameter in Sugar- 
beets.-- M. S. Crawford! and G. A. Smith. 


The ability to estimate the yield potential of a sugarbeet variety 
while still in the seedling stage would simplify and hasten the variety 
testing process. Varieties could be tested year around in growth chambers 
or greenhouses, testing a new group of varieties every three to four weeks. 
Such a test could be used in the screening of experimental hybrids. It 
would enable a large number of varieties to be grouped into broad categories 
according to yield potential. The plants with the lowest yield potentials 
could be eliminated from future yield trials. 


Two proposed cme yield measuring techniques are taproot growth parti- 
oe 


tioning ratio (TGPR = hypocotyl + taproot fresh weight ) (1) and seedling 
. ea ad¢ petiole fres welg 1 
hypocotyl diameter (2). Both of these methods are ing used as selection 


and screening tests to either improve breeding strains or to create new 
varieties. The TGPR is an attempt at identifying plants with greater trans- 
location of photosynthate to the taproot. The TGPR quantifies the relation- 
ship of the taproot to the photosynthetic capacity of the plant. A plant 
with a greater leaf area accretion and greater translocation to the taproot 
should out-yield one with less of either characteristic (1). Care must be 
used in interpreting TGPR results because even a small, low yielding, high 
sugar variety may show a high TGPR merely by having a favorable taproot to 
leaf ratio. The seedling hypocotyl diameter is thought to be a measure of 
the ability of a plant to expand in root diameter (2,4). 


The objective of this experiment was to test the value of both seedling 
hypocotyl diameter and TGPR in predicting the yield (root weight) potential 
of sugarbeet varieties. 


PROCEDURE 


Four inbred lines and the six F, hybrids resulting from crossing the 
four inbreds in all combinations (no reciprocals) were used in this green- 
house experiment. The entries tested were planted in 6 inch diameter (1 
gallon) plastic pots. The pots were filled with vermiculite. Forty pots 
of each entry were completely randomized within the greenhouse. The plants 
were given 100 ml of nutrient solution (3) every other day. Ten days after 
the original planting all pots showing no emergence were replanted with the 
appropriate entry. The individual plants were harvested when they had 
between six and eight true leaves, each leaf larger than 0.5 cm*. The 
hypocotyl diameter was measured 1 cm down from the shoot apical meristem. 
The weights for the TGPR were obtained by removing the petioles from the 
hypocotyl, weighing the petiole + leaf blade, then after removing the root 
hairs from the taproot, weighing the taproot + hypocotyl. Data from three 
field trials with the same F, hybrid entries was used as a measure of actual 
yield (root weight) potential. 


The greenhouse air temperature daytime average high was 33°C, the night 
time average low was 15°C. The extremes were 40°C and 13°C. The experiment 
was carried out during July and August (average day length of 14 hours). 


1Senior undergraduate student, Colorado State University. Research report 
from special problem course. 
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RESULTS AND DISCUSSION 


The average hypocotyl diameter of the inbreds was 0.134 inches. The 
range of hypocotyl diameters for the inbred lines was 0.047 inches. The aver- 
age hypocotyl diameter of the Fy, hybrid lines was 0.144 inches. The range of 
hypocotyl diameters for the F; hybrid lines was 0.023 inches (Table 1). When 
the entries are ranked by hypocotyl diameter, the inbred lines are nearly 
equally interspersed with the Fy, hybrid lines. The high ranking of some 
inbred lines does not support the theory that the seedling hypocotyl diameter 
is a measure of the ability of the plant to expand in root diameter (2,4), 
because at maturity the hybrids are expected to have larger taproots than 
the inbreds. 


Table 1. Results from field tests, hypocotyl diameter measurements, and TGPR 
for the lines tested. Note: The order in which the parents of the 
hybrids are listed does not denote male or female. 


a _ ee e  EUE a EINE SISA SD 


1970 1970 
1969 Field test Field test Hypocotyl 
Entry Field test high nitrogen low nitrogen diameter TGPR 
ee ae ten ET ce ee a 
(tons/acre) (tons/acre) (tons/acre) (inches) 
ree er ee Oe tol OO. 175 
Se SE mn emer cme 0.142 0.093 
Seeetigers eee) ESTERS Gi ones———Sea(ch, (s-ss- 0.138 0139 
5: 6 nn i ——— mem 0.104 0.061 
52-305 X 52-407 20.24 t7E42 18575 0.148 0.100 
54-346 X 52-407 15403 iSs235 1Ou 2 9.141 0.089 
52-307 X 54-346 19.89 133.93 11510 Oil Se 0.17 
52-305 X 54-346 16.10 wb INI £0205 0.135 0.070 
52-305 X 52-307 18%73 15228 12.93 0.158 Os102 
52-307 X 52-407 17.58 15.59 L3.d 8 0.144 Delo3 


The average TGPR of the inbred lines was 0.177. The range of TGPR for 
the inbred lines was 0.113. The average TGPR of the F, hybrid lines was 
0.105. The range of TGPR for the F, hybrid lines was 0.084 (Table 1). When 
the entries are ranked by TGPR, once again, the inbred lines are nearly 
equally interspersed with the F, hybrid lines. Some inbreds are expected to 
have high TGPR merely because of a favorable root to shoot ratio, even though 
they remain smaller than the F, hybrids. 


The field tests from the two different years did not correlate well 
with each other (Table 2). This is the inherent difficulty in trying to 
establish the validity of either the seedling hypocotyl diameter or the TGPR. 
The field tests are subject to large amounts of environmental error and few 
lines are tested as a group over enough years to accurately characterize 
their yield potentials. The results of the 1970 low nitrogen field test had 
the best correlations with both the seedling hypocotyl diameter (r = 0.71) 
and the TGPR (r = 0.66) (Table 2). 


There was a high correlation between the midparent and the F, hybrid for 
both TGPR (r = 0.92) and the seedling hypocotyl diameter (r = 0.88). These 
high correlations suggest the possibility of predicting the TGPR or seedling 
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hypocotyl diameter of F, hybrids from measurements taken on inbred lines. 
This high correlation with the midparents suggests that both traits are 
controlled by additive gene action. 


Table 2. Correlation coefficients among the results of the three field tests, 
the hypocotyl diameter, and the TGPR. 


1970 1970 
Hypocotyl Low nitrogen High nitrogen 
TGPR diameter field test field test 


(inches) (tons/acre) (tons/acre) 


1969 
Field test eaD 0.38 0.59 ety 
(tons/acre) 


1970 

Field test 0.24 0055 Os/77 
high nitrogen 

(tons/acre) 


1970 

Field test 0.66 eae 
low nitrogen 

(tons/acre) 


Hypocotyl 0.20 
diameter 
(inches) 





In most cases all seedling characteristics measured in this experiment 
correlated highly with each other (Table 3). This implies that measurement 
of the hypocotyl diameter is no better measure of growth rate than the mea- 
sure of any other seedling organ growth rate. 


Table 3. Correlation coefficients among seedling characteristics. 
Corr. coefficient Corr. coefficient Corr. coefficient 
between leafblade between hypocotyl between hypocotyl 
plus petiole weight plus taproot weight diameter and hypo- 

Entries and hypocotyl diam. and leafblade plus cotyl plus taproot 

petiole weight weight 

92-305. X 52-407 0.90 0.92 0291 

54-346 X 52-407 O393 0.94 \. 2 

52-307 X 54-346 URS 0.92 O92 

52-305 X 54-346 0.93 On a 0.88 

327250 eet O22 30/ 0.63 0.87 0.79 

52-307 X 52-407 0591 0.92 0.92 

52-407 0.85 0.87 0.92 

52-305 0.84 0.81 0.89 

54-346 0.89 0.90 0.90 

52-307 05.95 O03 0.89 


NE 
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CONCLUSIONS 


From this experiment the utility of either seedling hypocotyl diameter 
or TGPR, as early yield (root weight) screening tests, cannot be determined. 
Ideally, the field yield tests should have correlated with each other a great 
deal better. Many more experiments combining measurement of seedling hypo- 
cotyl diameter and TGPR with comparisons to field trial data will be necessary 
to either prove or disprove the validity of these theories. 


The seedling hypocotyl diameter does not appear to be a measure of the 
ability of a plant to expand in root diameter. The seedling hypocotyl di- 
ameter appears to be a measure of growth rate, and is no better than the 
measure of growth rate using any other organ of the plant. 


The high correlation between the midparent and F, hybrid for both TGPR 
and hypocotyl diameter was unexpected. If either or both of these measure- 
ments prove useful this high correlation will enable prediction of F, hybrid 
characteristics from measurements taken on the inbred parents. 
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Regional Coop Test of LSR-CTR Experimental Lines.--G. A. Smith, R. J. Hecker, 
peooe Martin,*’and “Ey G.” Kuppel: 


Seven crosses from our disease resistance breeding programs were evalu- 
ated at Fort Collins, Willcox, Arizona, Worland, Wyoming, Bird Island, Minne- 
sota, and Ulysses, Kansas. Cooperation of research personnel of American 
Crystal, Spreckels, and Holly sugar companies made these regional tests pos- 
sible. The primary objective of this year's test was to evaluate the com- 
bining ability for leaf spot and curly top of several leaf spot-curly top 
resistant lines, under widely diverse environments. Single or 3-way crosses 
of these lines were produced using the multigerm LSR-CYR or LSR-rhizoctonia 
resistant pollinators FC 902, 701/5, 702/5, or 703 and the LSR monogerm line 
FC 506 (Table 1). The inbred lines 642027, 662119, and 652016 have shown 
good disease resistance and yield potential in several 3-way monogerm crosses 
recently developed and evaluated at Fort Collins. 


Under severe leaf spot at Fort Collins (Table 2), entries 4, 5, and 7 
performed the best for recoverable sugar as compared to the checks. The 
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fact that Mono Hy D2 did so well under leaf spot is obviously not because 
it is LSR, but because of time of leaf spot development. This variety 
characteristically develops leaf spot symptoms very late in the growing 
season and hence, escapes severe effects on yield. Under Fort Collins 
disease-free conditions, entries 1, 5, and 6 gave the highest relative 
recoverable sugar (Table 3). Entries 4, 5, and 7 performed well under 
nondisease conditions at Worland, Wyoming (Table 4). At Willcox, Arizona, 
entries 2 and 7, both of which have the same CMS single cross parent, 
performed relatively well (Table 5). The superior curly top resistance of 
this CMS single cross obviously was a factor here. Entries 4 thru 7 per- 
formed well at Bird Island, Minnesota. These four entries had the FC 700 
series as their pollinators (Table 6). All entries except entry 3 per- 
formed somewhat better than the check at Ulysses, Kansas. As can be seen 
in Table 7, tonnages were high and sucrose was low at this location. 
Entries 1, 2, and 7 gave the highest recoverable sugars. Al11 three of 
these entries are 3-way crosses with 662119sl1 as a common female parent. 


With only a limited number of pollinators used, it is impossible to 
get much information on combining ability. However, this information is 
valuable when used with other accumulated information especially because 
of the diversity of locations involved. 


Table 1. Description of material in cooperative evaluation tests of LSR- 
CTR varieties, 1976. 








Entry 
no. Seed no. Entry description 
1 751104H3 (642027s1 CMS X 662119sl, TO) CMS, high resistance 
to CT infection, mm X FC 902, LSR-CTR MM 
2 751104H2 (652016sl CMS X 662119sl, TO) CMS, high resistance 
to CT infection, mm X FC 902, LSR-CTR, MM 
3 751105HO2 (652016s1 CMS X 662119sl1, TO) CMS, high resistance 
to CT infection, mm X FC 506, TO, LSR, mm 
4 741038H3 662119s1 CMS K (FC 702/5 X FC 701/5, Fo) 
5 741039H3 662119sl CMS X FC 701L/5 
6 741046H4 (562 CMS X 569) X FC 703 
7 741040H5 (652016s1 CMS X 662119s1) X FC 702/5 
8 A75-2 GW Mono Hy D2, check 
9 731083 Synthetic check, LSS check 
10 671201HO8 FC(594 X 502/2) X SP 6322-0, LSR check 


ESSE 
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Table 2. Cooperative Agronomic Test of LSR-CTR Varieties, 1976 


Location: Fort Collins, CO (3A), under severe leaf spot 


Plot yield Recoverable 
Root weight Sucrose Purity sugar 

Seed no. Entry vA Zs c i Leaf! 
or variety no. kg check yA check 7, check kg check spot 
751104H3 - 1 31.963 90 15.42 94 94.43 100 4.36 84 4.0 
751104H2 2 32 400 91 15.68 95 94.88 101 453 88 3a 
751105HO2 3 30.394 86 1b- 597 eLUL A230 4.45 86 3.4 
741038H3 4 2 92 16.01” 101 94.08 100 ab 92 4.1 
741039H3 a 33.694 95 S.0L 96 P37 D0 99 Oe 89 aad 
741046H4 6 28.781 81 15.07 95 92.98 99 3.87 45 5.0 
741040H5 J 31.638 89 Lo eee 94.80 100 he 92 3.4 
A75-2(check) 8 35.519 _ 100 16.43 100 94.33 100 De af tee BO 
731083 9 24.500 69 15.18 92 92715 98 Sel 61 6.9 
LSS check 
671201HO8 10 33583 95 16.57 101 94.05 100 4.93 95 350 
LSR check 
General Mean Rie o20 16.068 93.94 4.452 oes 
CViZ Sto 2.06 10 9.0 10.3 
LSD (.05) B22 9 0.40 2 0258 0.48 9 52 





lBasis of leaf spot grades: 0-10 scale; 0 = no infection, 19 = defoliation. 


Conducted by: G. A. Smith and E. G. Ruppel. 


Dates of Planting and Harvest: April 21 and October 4, 1976. 


Experimental Design (Including No. of Reps): Randomized block design with 
4 replications of two row plots. Plot length 20 feet. 


Determination of Beet Yield and Sucrose Percentage: Standard methods. 
Leaf Spot Exposure: Severe, artificially induced. 


Curly Top Exposure: None. 
Other Diseases and Pests: None. 


Reliability of Test and Remarks: Very satisfactory. 
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Table 3. Cooperative Agronomic Test of LSR-CTR Varieties, 1976 
Location: Fort Collins, CO (Exp. 1) disease free. 








Plot yield Recoverable 
Root weight Sucrose Purity sugar 
Seed no. Entry he in rf % 

or variety no. kg check i check te check kg check 
751104H3 ee SHA, 95 13.9 lee 935200 eUt 3°79 wae 
751104H2 2 2359 88 13D eee 937728 4101 3 467s 
751105HO2 3 24.98 75 14.71 "300 94.06 102 3025s 
741038H3 4 20.20 84 14250759899 92.74 ~100 3349 See 
741039H3 5 30.74 92 14.30 97 92.20 5100 3.725 
741046H4 Gouee e915 87 14.98 102 92.74 *1100 3. /27se 
741040H5 7 267.62 80 14.66 100 93.685 101 3.39 eee 
A75-2(check) 8 33.48 100 14.68 100 92.44 100 4.18 100 
General Mean ZO 14.41 951 3362 
CV Z% Li. so 3.18 0.74 12.66 
ESDaG, 05) er hi fa 0.49 3 0.J2 0.49 12 





Conducted By: G. A. Smith. 
Dates of Planting and Harvest: April 20 and October 5, 1976. 


Experimental Design (Including No. of Reps): Randomized block design with 
5 replications of 2 row plots. Plot length 20 feet. 


Determination of Beet Yield and Sucrose Percentage: Standard methods. 
Leaf Spot Exposure: None. 
Curly Top Exposure: None. 


Other Diseases and Pests: Some nematode present. 


Reliability of Test and Remarks: Satisfactory. 
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Table 4. Cooperative Agronomic Test of LSR-CTR Varieties, 1976 
Location: Worland, Wyoming 


ee 


Acre yield 





Gross sucrose Beets Sucrose Beets/ 
Seed no. Entry ho i tn 

or variety no. lbs check tons’ check he check 100' 
751104H3 1 7929 oh 24.2 192 16.41 a 107 
751104H2 2 6825 83 20.6 87 Loe 96 99 
751105HO2 3 Todd 93 217 ae 17.46 101 111 
741038H3 4 8966 110 Zoe9 110 Pia 100 109 
741039H3 5 8768 107 2de0) 106 lie 101 103 
741046H4 6 7302 89 Ay 92 16.85 oF 98 
741040H5 7 8584 195 24.6 194 17.46 101 108 
HH25 9428 115 27.4 116 biaes 100 111 
HH21 (check) 8183 100 23.6 100 Vin29 100 112 
General Mean 8173 23.8 Dake 106 
CV % 11 oon 3.26 

Calculated F | 8 .03** 8.18%** 4.94%k 


Conducted By: Holly Sugar Corporation. 


Dates of Planting and Harvest: April 11 and October 7, 1976. 
Experimental Design (Including No. of Reps): Randomized complete block 


design with 9 replications of one row plots. Plot length 22 feet. 


Determination of Beet Yield and Sucrose Percentage: Standard methods. 


Leaf Spot Exposure: None. 


Curly Top Exposure: None. 


Other Diseases and Pests: None. 


Reliability of Test and Remarks: Satisfactory. 
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Table 5. Cooperative Agronomic Test of LSR-CTR Varieties, 1976 


Location: Willcox, Arizona! 
NN 


Ploteyield Recoverable 

Beets Sucrose sugar Curly Beets/ 

Seed no. Entry zs zs ZL -—= top <-=) OU 
or variety no. tons check ie Gbeck mstons check he no. 
Se ee a a 
751104H3 1 pe ee OF 15 -G15 od a soa, 17 102 
751104H2 2 22 OSS 53705 LOO Ges. DOGmee 2 18 83 
751105HO2 3 2020 ae CU ALO ol Leen SOO 26 92 
741038H3 4 1S. / lie Lp no eee ees 27 62 
741039H3 5 19.) 2a 1530 eed res cL Saeed, 43 102 
741046H4 6 LG. 0. 1oO 7 15.20 i Oe UROL 43 68 
741040H5 7 22a) Same 162003 eeee OODemE oS 19 76 
Mono Hy D2, ck 24-86..5100. 59 1528) © L003 193 Tae OU 43 108 
H 75582 24.84 100 16.44 104 4.081 104 a2 108 
Blend? 23556 956 915.008 = 99 63000 em) ee 113 
S=239H 22. T6s1 1 l0250n 3-624 0meo2 44 109 
USH9B1 23-215 5 938 elon 22 ee OnmeS 5 221) ae 26 100 
General Mean 2Leot Poe 4 3.439 et 94 

CV 2% 11.38 3.54 L222 25.62 1228 
LSD (.05) 2.4) eeu Os )s Sim OnGAB> ~ 11 8 iz 





IData from average of Thimet and non-Thimet treated plots. 


2Blend is a 50:50 mixture of USH9B1 and Mono Hy D2. 


Conducted By: Spreckels Sugar Company. 
Dates of Planting and Harvest: March 25 and November 23, 1976. 


Experimental Design (Including No. of Reps): Randomized complete block design 
with 8 replications. Plot size 2 rows X 40 feet. 


Determination of Beet Yield and Sucrose Percentage: Standard methods. 
Leaf Spot Exposure: Light, controlled by 3 sprayings with Duter. 
Curly Top Exposure: Moderate with infection occurring late. 


Powdery Mildew: Traces only, controlled by 3 sprayings of Thiolux mixed with 
the Duter. 


Reliability of Test and Remarks: Satisfactory. 
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Table 6. Cooperative Agronomic Test of LSR-CTR Varieties, 1976 


Location: Bird Island, Minnesota 


Acre yield 





Beets Gross sugar Rec. sugar Sucrose 
Seed no. Entry hs hs i he 
or variety no. tons check lbs check lbs check y check 
751104H3 1 toe 89 4514 89 4967 88 Lyn 99 
751104H2 * Pease 86 4314 85 3924 85 16.9 98 
751105HO2 3 10.4 70 3695 73 Spud a he? 6 103 
741038H3 4 14.9 191 5008 99 4406 96 16.9 98 
741039H3 5 13.9 94 4749 23 4157 90 U7 99 
741046H4 6 15.13 103 5303 104 4769 103 LJats 101 
741040H5 7 14.2 96 4893 96 4449 96 Tse 101 
ACS check 14.8 100 5079 100 4611 100 L782. 100 
General Mean L327, 4695 4219 Pite 
CWE 12.2 12.4 2.0 Lao 
HSD (.05) Lia oh 18 925 18 844 18 0.6 3 
Conducted By: American Crystal Sugar Company. 
Experimental Design: Latin Square 8 X 8. 
Determination of Plot Yield and Sucrose Percentage: Standard methods. 
Reliability of Test: Satisfactory. 
Table 7. Cooperative Agronomic Test of LSR-CTR Varieties, 1976 
Location: Ulysses, Kansas 
Acre yield 
Root weight Sugar Rec. sugar Sucrose 
Seed no. Entry % % i ie 
or variety no. tons check lbs check lbs check he check 
75110443 1 pi 118 8810 116 6997 114 LO:5 99 
751104H2 2 39.4 110 8663 114 7050 be a0 103 
751105HO2 3 32nd 91 7420 97 6006 98 11.4 108 
741038H3 4 5osc 107 8563 Lee 110 Lie 107 
741039H3 3 Bo 52 110 8502 112 6548 106 10.7 101 
741046H4 6 3001 101 8222 108 6591 197 L134 108 
741040H5 7. 36.9 103 8556 Pi 7033 114 Piz6 109 
ACH 17, check J360 100 7612 100 6150 100 L026 100 
General Mean 37.6 8294 6641 Lei 
CV. 2% 6.4 Taf 8.4 369 
HSD (.05) 320 11 10) eee 887 14 0.7 i 


eens pee ee re 


Conducted By: American Crystal Sugar Company. 

Experimental Design: Latin Square 8 X 8. 

‘Determination of Plot Yield and Sucrose Percentage: Standard methods. 
Reliability of Test: Satisfactory. 
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CERCOSPORA LEAF SPOT RESEARCH, 1976 


The Quantitative Effect of Cercospora Leaf Spot on Sugarbeet Yield and Non- 


Sucrose Components, 1976.--G. A. Smith and S. S. Martin. 


As reported in the 1975 Sugarbeet Research reports (see pages Cl7 thru 
C20), we have designed a field experiment in which Cereospora-infected and 
relatively uninfected genotypes can be grown under identical environments 
(t.e., the same year at the same time in the same experiment). The report 
presented here is a summary of 2 years data taken on eight genotypes with 
differing levels of leaf spot resistance. Data were obtained for root yield, 
Sucrose, purity, gross sucrose, and for the nonsucrose chemical components 
sodium, potassium, betaine, nitrate, amino nitrogen, total nitrogen, and 
chloride. 


Table 1 summarizes the data for all characters except betaine, potassium, 
and chloride, which did not exhibit any discernable effects due to cercospora 
infection in either of the two years. As seen in Table 1, genotypes which 
have about the same inherent Cercospora resistance do not. respond identically 
to infection. In general, high levels of infection resulted in increased 
concentrations of nonsucrose chemical components and in reductions in root 
weight, sucrose %, purity %, and gross sucrose. 


Genotype X year interactions were numerous (Table 1). Many of these, 
however, were caused by only slight changes in rank between the two years. 
Genotype 1817, which was the most resistant entry in the experiment, showed 
reductions in sodium, nitrate, amino N, and total N in 1975, but showed in- 
creased amounts in 1976. Of the seven nonsucrose chemical characters 
measured, sodium, nitrate N, and amino N showed the highest association 
with degree of leaf spot infection in both years. Nitrate N showed the 
widest range of response to infection and also the highest percentage in- 
crease with infection. The increased concentrations of these chemical com- 
ponents found with increased leaf spot infection is a logical explanation 
for the reduction in sucrose and purity seen with increasing leaf spot 
infection. 


3 3. = 


*ATeATJIedseA SsTeAeT AITTTqQeqoid YI pue xo dy Je VIUeDTFLIUSIS yyy 


‘ootnf meat TW QOT/3W UT 919M eJep TeoTWEYD 


*peAeids Jou sjotd asoyj pue 


(ee1j-eseestp ATTeTIUesss) TAWOUSeq YITM poekeids sjoTd useMjeq VOUeATeTJIP Y eBeroAe vy = asueYO qUsI198q, 


*qods jeatT ou 40 aTIIFT pey TAWoUuSeq YyITM pejeerq sjqOTYg 
*sjoTd poejeeijuou pue poejeeij [AWwoueq useMjeq BuTpeet Jods JeaT UT VdUSAeTJTp oy = doUaTeZZTIP Sake 























¥¥1L6°- 9° = ¥¥ES so ve l6>- 80% Vo ¥6L° O74] = 4 
O9 “29> 9 18 fo Ga = 195 Si— 65° Coe St “ST OG “t9 LY 6Ge 7 ea Clos 618T 
Of o> oi bes 6585 - oy (6c= hee SL 9S 99 E71 Of *O€ 88°? cc8l 
Ee el b= £0; Io = So. be 70° 6¢- 00°O OT 3S 71° LOT bo at Sig Oc¢8I 
GLI C— 60 Ia= SC Se GO le 00°SZ S769 OO°SZL Gct*cs OSa7 €csI 
£3 i le tii. OU f= Le Ole 00°SZ 60 256 99 “9G 62°96 CA ee 1Z81 
oT 6 = Lies Ta 8Le ia = OS 7 ae 99-97 LS°0? 00°OOT 19s OS ez SIT 
S79 5h EE Z050° = 0O*T Ey Ols ae es £36 99 +4 i= GE26 SE ic 7781 
oe Ol 7Ge Oa 84s Ge T9° 2 LCuLeé St Ut 8c°r1 tO7e LEaG LI8st 

9/61 ‘}UeUuodWOD UT a8uUReYd ¥ 

¥¥C6°- = -¥¥L8°- ¥¥78°-  ¥¥ 78° - Cres ¥GL* ¥ZL* ¥% 78° aot 
O1*°9€—- Boe Is 79201 Gal Gas 69.52 S0°09 LO°EGI Te at ets 6181 
O¢ +e oe Lins 6S5-Se 8¢c°Si- 00°OS 82°95 Te. 77 IC ag 88°S cc8l 
06°8I- i Li tis 6S385- Go of Tes 00°SZ SO° Of 82°90 O8°SZ $z°*s Oc8l 
00 “6 T= ils Us 7 Cs Coe Go" 2 T= LESLC Cie ae 60°ET £0°62 ee €c8l 
S349 i 29, O2— Citas = 00 ve 9079 ST*8e oy = GL°SI cc's Ics 
Ob Se SS207- Das Cas OC * thas 00° O0€ Lp 6C or Ly TEn9¢ OS°?¢ 8Isl 
39. = ee SL-0o— be Cae 29° Lae 00°O OS*cl 00°O 06°ST=- CTisé 7781 
7 =e O1*O 60°T SS. & aL ale 9G <= tse coe = 00°? L181 

GL61 *S}UeUOdWOD UT a3uURYD ¥ 

esoions - - “QM N N O7e13TN wNTpos doUeAIFTITIP adAjouey 

ssoiy Aqtang asoions 00y TeIOL ouTuy 3°" 
z*'S}usuoduos 
JO aZueyd s8ejusoied pue UOT IeJUT Jo vseIsep UseMJeq (A) SJUaTOTJJoOO UOT eTeAIOD 9yQ pue 

‘uof.IejUy Y720024eq Daodsoadag 03 esuodsea uf sjueuoduoD ARTTenb pue pTefTA uz osueyd qUsoIeg “*T eTqPL 


- C34 - 


Breeding for Leaf Spot and Curly Top Resistance, 1976.--G. A. Smith and 
E. G. Ruppel. 


Table 1 presents the leaf spot and curly top evaluation of some breeding 
lines from our leaf spot and leaf spot-curly top breeding program. Experience 
has shown that combining high levels of resistance to both diseases in the same 
line is very difficult. Entry number 1335 has shown good levels of resistance 
to both diseases over the last 2 years. This year, under more severe epidemics 
of leaf spot and curly top, the cross looked very good. Limited data on sucrose 
and root yield indicate that this cross performs well. We are currently in the 
process of producing the type O equivalent of this 3-way cross which, along 
with the CMS, will be a probable Foundation release. 


Entry 1337 is a 3-way cross-which has shown the highest consistent level 
of resistance to Cercospora we have seen in our leaf spot nurseries. Prior 
to this cross, FC(504 X 502/2) X SP 6322-0 has been the most leaf spot resist- 
ant and is used as our LSR check variety. Because the 3 lines in entry 1337 
occur as both CMS and type 0, synthesis of a type O and its CMS equivalent of 
this cross is also possible. The high leaf spot resistance of rhizoctonia- 
resistant entries 1368 and 1369 also is noteworthy. 


Table 1. Mean leaf spot and curly top ratings of some breeding lines tested 
at Fort Collins and/or Logan, Utah, 1976. Test conducted by G. A. 
Smith and D. L. Mumford. 


a 


Entry Leaf ! Curly! 
no. Seed no. Description spot top 
Loe 751032HO2 FC 605 CMS,LSR-CTR,mm X L-35,CTR,T.O.,mm Ses 360 
1320 751032HO3 (642027s1 CMS X 662119s1,T.0O.) X L=-35,T.O. 5S 2.0 
1324 751032HO4 [652016s1 CMS(B,,),LSR-CTR X 662119s1,T.0.] S03 2.0 


X§L-35° 7:0 2emm 


1325 751032HO5 FC 506 CMS,LSR,mm X L-35,CTR,T.O.,mm Bel - 
1326 751099H L-19,MM,high sucrose 6.88 Bee 
1327 751099H2 FC 506 CMS,mm X L-19,MM,high sucrose 4,19 6.0 
1328 751099H3 FC 601/2 CMS,mm X L-19,MM,high sucrose 4.50 go Gee 
1329 751099H4 FC 605 CMS,mm X L-19,MM,high sucrose “25 Sd 
1330 751101HO L=36, CTR e120. Ge io oak 
1334 751101HO2 (642027s1 CMS X 662119s1,T.O.,mm) X L-36, 4 13 ee 
CTR» T.O. 
1332 751101HO3 [652016sl1 CMS (By)LSR-CTR X 662119s1,T.0O., Joio 3.0 
mmio xX L-36. CIR, te. 
1333 751102HO FC.605,5. 1.0. ,LoR-CTR, mm, o+l.. 3.00 4.9 
1334 751102HO1 FC 605 CMS 3.13 - 
1335 751102HO02 [652016s1 CMS (By) X 662119s1,T.0O.,mm] Jel s = 


X FC 605, T.O., mm 
1336 751102HO3 (642027s1 CMS X 662119sl T.O.,mm) X FC 605, 2.88 4.0 


1s sin 
1337 751102HO4 F,, FC(504 X 502/2) CMS,LSR,mm X FC 605,T.O. te AS 4.0 
1338 751102HO5 FCO 506 “CMS. xXeFC 6051.0. 2635 550 
1339 751103HO 731037HO = 652001s1 CMS high CTR X 672003-0 ae kes 4.0 


mm (652001s1 CMS X 671093-0) X (642027s1 
CMS X 662119s1,T.0.)high CTR 


1340 751103HO2 (642027s1 CMS X 662119s1,T.0.) X 731037HO 3.20) ae 
high CTR 
1341 751103HO3 (652016s1 CMS X 662119s1,T.0O.,mm),LSR-CTR 3.13 eee 


X 731037HO high CTR 
1342 751103HO4 FC 605 CMS X 731037HO high CTR ‘ 3.25 3.0 


So = 


Table 1. (Continued) 


Entry Leaf ! Curly! 

no. Seed no. Description spot top 

1343 751104H FC 902,LSR-CTR, MM 4.13 5.0 

1344 751104H2 (652016s1 CMS X 662119s1,T.0.,mm) X FC 902, GOO gaat 
MM,LSR-CTR 

1345 751104H3 (642027s1 CMS X 662119s1,T.0.)mm X FC 902, 3.38 3.5 
LSR-CTR, MM 

1346 751104H4 FC.605 CMS. X FC 902, LSR-CTR, MM yo deta ea 


1347 751105HO2 [652016s1 CMS (®,) LSR-CTR X 662119s1,T.0., Dero eG 
mm] mm X FC 506,T.0.,LSR,mm 


1348 751107HO 721055HO, good CA for CT also LSR Yee 
1349 751109HO 632028s1,T.0.,LSR-CTR,mm from 611101-0 SIR 45 
1350 751109HO2 FC 601/2 CMS X 632028s1,T.0.,LSR-CTR 3 AES MISS: ; 
1351 751114 CR-P35989 LSR Accession 3.38 - 
1352 751116 SN-4X-22 4.25 - 
1353 FSUEP] AJ-4X-22 Selection from AJ variety 4.00 - 
1354 751119H Progeny of inter pollinated LSR selections 3.88 ~ 
from B.vulgaris X B.maritima backcrosses 
1355 751119H2 MS 63-(5HO X6)Am.Crystal X progeny of inter 4) - 


pollinated LSR sel. from B.vulgaris X B. 
maritima backcrosses 


1356 751119H3 FC 605 CMS X progeny of inter pollinated LSR 3.13 - 
sel.from B.vulgaris X B.maritima BC's 

135.7 751120HO FC 605 ys - 

1358 751120HO2 F,, FC(504 X 502/2)CMS,LSR,mm X FC 605 ano) - 

1359 751120HO3 (652016s1 = sub of FC 601 T.O. X 642027s1, 2a - 
CMS,LSR-CTR,mm) X FC 605 

1360 41121 SP 7322-0,LSR from Coe eet - 

1361 751123H SP 5481-0,4N 3.88 = 

1362 751123H2 SP 5481-0, 3N nade = 

1363 751124HO 662119s1,T.0.,mm,LSR-CTR,high res. to CT Be O3 —~ 
infection, from 62563 X 611227-(001) 

1364 751124H01 662119sl1 CMS (By) 3.88 = 

1365 751124HO2 F,, FC(504 X 502/2)CMS,LSR,mm X 662119s1, ig - 
T.0O. mm, LSR-CTR,high res. to CT infection 

1366 PoELST Pool of 3 Russian accessions,A74-40,A74-50, 1S - 
and A74-52. Diploid monogerm 

1367 oa Pool of 14 Russian multigerm accessions, S63 = 
A74-33 thru A74-49 

1368 751034 Intercross of synthetic of 3 best progeny 3.00 = 


lines for Rhizoc.res.from LSR-CTR,mm,T.O. 
(recurrent parent) X FC 701, By, OP), 2 
cycles Rhizoc. selection 
1369 731088H-1 Synthetic of best progeny lines of 1972 2S 6.0 
thru Rhizoc.sel. from LSR-CTR,mm,T.O.(recur- 
731088H-11 fenteparent) x FC #70 By y OP; *2' cycles 
(composite 2 g Rhizoc.selection 
each for a 
total of 16 g) 


1370 671201HO8 LSR check, FC(504 X 502/2) X SP 6322-0 3.00 - 
1371 731083 LSS check, Synthetic check 6.00 - 
P372 661201HO ILSR check, SP 6322-0 a2 - 
CTR, CK US 41 - 0 
CTR,CK US 33 = 6.0 


TLeaf spot and curly top ratings based on 0-10 scale with O = no symptoms and 
10 = death for curly top or complete defoliation for leaf spot. 
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Leaf Spot Evaluations of Sugarbeet Lines Submitted by BSDF-Member Companies.-~- 
E. G. Ruppel and G. A. Smith. 


Separate randomized block designs with two replications were used to eval- 
uate lines from American Crystal, Great Western, Holly, and Spreckels Sugar 
Companies. A total of 160 lines were tested. Internal checks included leaf 
spot-resistant cultivar FC(504 X 5902/2) X SP 6322-0, a susceptible synthetic 
check, and cultivar SP 5822-0 having intermediate leaf spot resistance. The 
nursery was planted April 21 and inoculated on July 6. The epidemic developed 
uniformly and reached maximum severity in late August to early September. Leaf 
spot reading on a scale of 0 to 10 were taken on August 25, August 30, and 
September 3. Mean leaf spot readings for the susceptible check across dates 
ranged from 5.3 to 7.3, with an overall mean of 6.2. Readings for the resist- 
ant check ranged from 2.5 to 3.5, with a mean of 3.1, whereas those for the 
intermediate check ranged from 3.0 to 4.0, with a mean of 3.5. Results of 
these tests were tabulated and sent to each respective contributor. 


The Occurrence of Root Sprangling Following Treatment with Benomyl, 1976.-—- 
G. A. Smith. 


Last year we reported an increase in root sprangling in plots which were 
sprayed with benomyl (see Sugarbeet Research, 1975 Report, pages C20-C21). 
The experiment was repeated exactly as described in last year's report except 
that benomyl treatment began on June 29. Benomyl concentrations were again 
3.2 grams per 2 gallons of water (8 ounces per acre). Benomyl sprayed plots 
had 30.49% of all roots sprangled compared to 27.62% for nonsprayed plots. 
These figures compare with 30% and 24% for sprayed and nonsprayed plots, 
respectively, in 1975. 


Survival of Benomyl-Tolerant Strains of Cercospora beticola in the Field in the 
Absence of Benomyl.--E. G. Ruppel (in cooperation with A. D. Jenkins and L. M. 
Burtch, Spreckels Sugar Division, Amstar Corporation). 


In the Willcox, AZ, region where benomyl-tolerant strains of Cercospora 
bettecola have been found (these reports, 1975), an area was selected and a 
moratorium established against the use of any benzimidazole fungicides. Instead, 

triphenyltin hydroxide ('Du-Ter') was used to control leaf spot. Another area 
was selected where benomyl will continue to be used alone or in combination 
with protectant fungicides. Lesions in randomly-collected leaf spot-infected 
leaves from a field in each area were induced to sporulate and single-spore 
isolations were made. After adequate growth on potato-dextrose agar, the 
isolates were transferred to PDA containing 5 ug active ingredient (a.i.) 
benomyl/ml to ascertain their sensitivity to benomyl. Of 149 isolates from 
a benomyl-treated field, all were benomyl tolerant. Likewise, 196 isolates 
from two fields treated only with 'Du-Ter' were benomyl tolerant. To deter- 
mine the relative degree of tolerance to benomyl, 10 randomly-selected isolates 
from each area were grown on PDA containing 0, 1, 10, 100, and 1,000 ug a.i. 
benomyl/ml. In this test, 9 isolates from the benomyl-treated area grew on 
PDA containing 1,000 ug/ml, whereas only 4 isolates from the 'Du-Ter'-treated 
area grew at this concentration. Continued bioassays of the Cercospora strains 
are planned for a 3-year period. 


=P Usha 


Bioassays of Cercospora beticola Strains from Hereford, Texas.--E. G. Ruppel 
(in cooperation with Paul Scott, Holly Sugar Corporation). 


Single-spore isolates from seven leaf spot-infected fields near Hereford, 
TX, were bioassayed on potato-dextrose agar containing 5 ug active ingredient 
benomyl/ml (5 ppm). Of 172 isolates, only 3(1.7%) were benomyl sensitive and 
failed to grow. Benomyl, alone or alternated with protectant fungicides, still 
is being used in the Hereford area. Benomyl-tolerant strains of the fungus 
were discovered in 1973. 


Comparison of Dry Versus Wet Cercospora Inoculum Application.--E. G. Ruppel and 
G. A. Smith. 


A preliminary test was conducted to compare two inoculum application tech- 
niques. One method (W) involved our usual "wet" technique in which dry, Cer- 
cospora-infected leaves were triturated in water, and the resulting screened 
spore suspension was sprayed on the foliage. The second method (D) involved 
grinding the dry leaves in a Wiley mill, mixing with talc, and applying the 
dry inoculum to the foliage (11 liters of ground leaves + llekg tale per acre). 
Pre- and post-inoculation overhead irrigations were done as usual to create 
and maintain a leaf spot epidemic. The test was conducted in a border area 
planted with cultivar GW 674-56C. Two replications were used in four-row 
plots 6.1 meters long and 56 cm apart. Inoculations were made July 6, and 
leaf spot readings were taken August 25, 30, and September 3. On August 25, 
an average reading of 3.8 was obtained for method "D", whereas method owe 
gave a reading of 3.0. At the final date of evaluation (September 3), however, 
all plots were rated 4.0. 


Growth and Cercosporin Production of Cercospora beticola as a Funetion of Time.-- 
E. G. Ruppel and S. S. Martin. 


Growth on potato-dextrose agar and in potato-dextrose broth, and toxin 
(cercosporin) production by Cercospora bettcola isolates C-l and C-2 was 
measured at intervals over a 22-day period. Randomized block designs with 
four replications were used in each of two trials. Results are presented in 
Tables 1 and 2. Growth and toxin production were essentially linearly pro- 
portional for 18 days and then leveled off. Although growth was not signifi- 
cantly different between isolates, isolate C-2 produced significantly more 
cercosporin than isolate C-l. Cercosporin production on a dry weight basis 
(Table 3) was greatest between 11 and 15 days, which corresponds to mature 
lesion development in sugarbeet. . 
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Table 1. Summary Table of Trials I and II; Growth of two Cercospora 
beticola isolates on potato-dextrose agar (PDA) and in 
potato-dextrose broth (PDB) at 26 C*. 





PDA PDB 
Colony diam Dry weight 
Isolate Day I DL i I: 
(mm) (mm) (mg) (mg) 
C-1 4 16 14 id 16 
6 23 23 44 59 
8 35 35 132 89 
at DL aE 207 137 
13 62 62 250 236 
tS Ld TL 286 aaa 
18 76 80 378 372 
20 79 81 -—— 439 
22 84 84 --- 384 
C-2 4 i, 14 17 18 
6 26 73 29 36 
8 36 36 104 83 
11 48 47 164 94 
13 54 52 257 196 
15 59 59 232 282 
18 69 69 364 303 
20 79 1 ——s 297 
22 79 79 --- 326 


*Means of four replications. 


Table 2. Summary Table of Trials I and II; Cercosporin production by two 
Cercospora beticola isolates grown on potato-dextrose agar (PDA) 
and in potato-dextrose broth (PDB) at 26 C*, 


Cercosporin production (yvg/culture) 


PDA (cultures) PDB (mycelium) PDB (medium) 

Isolate Day I ET i Le I am. 
C-1 4 7 8 5 0 1 0 
6 44 53 29 23 6 0 

8 51 49 164 77 38 11 

Lh 50 81 119 132 10 19 

13 47 54 212 367 7 39 

15 4l 70 1932 493 7 19 

18 42 Lis 178 257 z. 15 

20 -- ule --- 427 -- 12 

22 -- 103 --- £53 -- 15 

C-2 4 8 Vi} 40 0 2 0 
6 aL 23 i 62 Se 4 

8 114 129 419 114 ae tr 

11 800 645 1146 1119 33 41 

13 1108 827 2030 1519 27 46 

15 Pie 1127 1886 2855 Ly 45 

18 3672 1577 2040 2305 24 47 

20 -- 1435 --- P36l -- 53 

22 -- Wiz --- 2648 -- 24 





*Means of four replications. 
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Table 3. Estimated production of cercosporin on a dry weight basis of 
mycelium...Trials I & II. 


Cercosporin 
PDB (mycelium) 


Isolate Day ir Le 
(mg/g dry wt) 
C-1 4 0.30 0 
6 0.65 0.38 
8 lees 0.88 
i) 0.57 0.96 
13 0.85 1256 
1 be 0.46 1.48 
18 0.47 0.69 
20 ——n me 0.97 
ae ---- 0.66 
c-2 4 2.41 0 
6 0 70 
8 4.03 Last 
11 6.98 ie 
18 te iGo 
bs 8.14 10ntt 
18 5.60 7.60 
20 <n 4.59 
Ze, ---- S12 





Betagarin and betavulgarin in lesions from Cercospora-infected sugarbeet 
leaves.--S. S. Martin. 


From field-grown sugarbeets of 6 cultivars spanning the range of resist- 
ance and susceptibility to Cereospora beticola, duplicate random samples of 
50 composited mature lesions were taken from each of two replications at 
3 dates after artificial inoculation with the fungus. Both betagarin and 
betavulgarin content per lesion differed significantly among cultivars. 
Across cultivars, however, betavulgarin content differed at the 3 sampling 
dates (corresponding to varying degrees of disease development), whereas 
betagarin content did not (Table 1). The date of sampling X cultivar inter- 
action was not significant for either compound. 


The mean betavulgarin content at the second sampling date, 14.5 ug/50 
lesions, corresponds to about 200 ug/cc. In vitro bioassay data showed that 
a betavulgarin concentration of about 100 ug/cce of medium inhibited linear 
(diameter) growth by 50% (corresponding to a surface area reduction of about 
75%, assuming growth is circularly uniform). Although the appropriateness 
of extrapolation from tn vitro measurement to a very different in vivo nutri- 
tional environment must always be uncertain, these data suggest that the 
amounts of betavulgarin present in lesions are potentially fungistatic and 
could be involved in limitation of the pathogen. 
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Table 1. Betagarin and betavulgarin contents of lesions at three dates after 
inoculation of sugarbeet leaves with Cereospora beticola. 


Mean Mean content, wug/50 lesions! 
Sampling date* disease rating Betagarin Betavulgarin 
t + 3 weeks L530 44.2 a 8.9 Bb 
es + 6 weeks Zao 33.9Ra 1435 4 
t, + 2 weeks 4.5 Sites Seb e 
*t, = date of artificial inoculation with C. bettcola. 


lwithin columns, means followed by the same letter did not differ signifi- 
cantly by Duncan's multiple range test at p = 0.05. 


Correlation coefficients for betagarin and disease rating at the three 
sampling dates were all positive but statistically nonsignificant, and those 
for betavulgarin and disease rating were invariably negative but nonsignifi- 
cant. The lack of correlation between betavulgarin and disease rating does 
not negate its possible role as a phytoalexin, for several reasons. First, 
betavulgarin content among the cultivars was within a narrow range, which 
would make it almost impossible to detect correlation even if it were present. 
Second, disease rating is an attribute of the whole plant or even of an entire 
plot of diseased plants of a given genotype, whereas the chemical analyses are 
of discrete individual lesions. It is possible that betavulgarin might be 
involved in fungal limitation within the lesion, but that other factors could 
determine the number of lesions initiated and therefore the overall disease 
effect on the genotype. Third, in these field studies there could be no con- 
trol of the repeated cycles of infection by newly germinated spores; therefore, 
there was no possibility of knowing the realtive age of the "mature" lesions 
sampled. Work is in progress to examine the time course of accumulation of 
betagarin and betavulgarin in lesions of more closely known age. 


Electron Microscopy of Cercosporin-Induced Necrotic Lesions on Sugarbeet 


Leaves.—-M> PB. Stéinkanp andes meoeeMart in. 


Necrotic lesions can be induced on sugarbeet leaves by external appli- 
cation of cercosporin, one of the toxins isolated from culture filtrates of 
Cercospora bettcola. Initial electron microscopic examination of cercosporin- 
induced lesions showed a degenerative sequence with much similarity to that 
of the fungus-induced lesion (described in 1975 Sugarbeet Research Report, 

p- C28). Intercellular spaces contain areas of finely granular, medium 
electron-dense material resembling extracellular material in the actual disease. 
There are areas of appositional layers inside cell walls but outside the plas- 
malemma; like those of the fungus-induced disease, they are variable in appear- 
ance from place to place. Organelles are altered internally, then lose their 
boundary membranes. Mitochondrial cristae appear to be differently and more 
rapidly altered in cercosporin-induced lesions than in the disease. Ultimately 
the toxin-induced necrotic cell, like the fungus-induced necrotic cell, is 
collapsed and filled with amorphous cytoplasmic remains and areas of dissolu- 
tion. Further investigation is planned of the degenerative process in both 
cercosporin-induced lesions and those induced by another Cercospora toxin. 
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Efficacy of Cycloheximide ('Acti-Dione') in Controlling Cercospora beticola 
Bevaitro atid in Vivo.--L. Gc. Ruppel. 


Concentrations of 10 ppm (vg active ingredient/ml) or more of cyclohexi- 
mide were needed to cause 50% growth inhibition of four C. bettcola isolates 
in culture. When sugarbeet plants were sprayed with the antibiotic, inocu- 
lated with C. bettcola, and placed in a humidity chamber, as little as 2 ppm 
caused excessive phytotoxicity of the foliage. Thus, this chemical is not 
recommended for control of leaf spot in sugarbeet. 


RHIZOCTONIA ROOT ROT RESEARCH, 1976 


Rhizoctonia Resistance, Field Research, 1976.--R. J. Hecker and E. G. Ruppel. 


The 1976 field experiments that were a part of our rhizoctonia research 
program were conducted on our BSDF-leased farm where we also conduct our 
cercospora leaf spot field research. This was the fourth crop year of the 
5-year lease on the farm. 


Except for the selection blocks, which were rosette-inoculated, the 
entire field was broadcast-inoculated with a tractor-mounted 4-row granular- 
materials applicator. The dry, ground barley-grain inoculum of Rhizoctonta 
solant (R-9) was broadcast in a band over each row at a rate of 12 grams per 
20 foot of row in a split application (opposite direction of travel for each 
application). One-row plots 20 feet long and 22 inches apart were planted 
May 11. Thinning was done between June 11 and June 22, and the experiments 
were inoculated July 14. The roots were lifted and individually rated for 
severity of root rot September 21 through 23. The disease index (DI) ratings 
were based on a scale of 0 to 7 ( 0 = no evidence of infection, 7 = plant 
dead and extensively decomposed). The percentage of healthy roots (DI rat- 
ings 0 and 1 combined) also was calculated. 


Our rhizoctonia root rot epidemic in 1976 was very severe. It was too 
severe for good separation of susceptible and moderately resistant lines. 
We will attempt to achieve a more modest epidemic next year by reducing the 
inoculum rate and possibly by allowing a longer growth period between plant- 
ing and inoculation. The DI range of breeding lines tested was 3.4 to 7.0 
(most resistant to most susceptible) in 1976, whereas in 1975 the range was 
1.7 to 6.7. The intensity of infection in 1975 was almost ideal. 


The data for percentage of healthy roots in 1976 is less useful than 
in 1975, since the range is narrow, and most of the relatively susceptible 
lines have essentially no healthy plants. The 1976 DI data are reliable but 
less discriminating than in 1975. 
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Breeding for Rhizoctonia Resistance.--R. J. Hecker and E. G. Ruppel. 


We are continuing to make a significant effort in breeding for increased 
resistance to rhizoctonia root rot. Our breeding scheme involves both mass 
selection and recurrent selection for general combining ability for resistance. 
Since resources are limited, only the most promising lines are included in 
recurrent selection. New and less promising lines are carried in the mass 
selection program. Each year lines which fail to respond to selection are 
deleted or shifted from recurrent to mass selection, whereas lines with new 
found promise are added into the mass or recurrent selection program. A few 
new untested lines (usually diverse or exotic) are tested each year. In 1976, 
the first line has been found which appears to have a significant degree of 
inherent resistance (see entry 457, Table 1). This red tester beet is being 
incorporated into the breeding program. We know from previous tests, however, 
that resistance and root color are unrelated. We also have made crosses 
among our more promising lines in an attempt to isolate transgressive segre- 
gants for resistance. 


Our most resistant lines are evaluated each year for combining ability 
and for sugar yield in an attempt to identify lines which may have potential 
as parents of hybrids. 


Over the past decade, 15 rhizoctonia-resistant breeding lines have been 
made available to BSDF members. These have all been multigerm. Resistance 
in monogerm germplasm has been developed (see entries 451 and 452, Table 1) 
after many disappointments in our breeding effort. From this germplasm will 
come the first monogerm, type’ O and cytoplasmic male sterile lines with 
rhizoctonia resistance. 


In addition to several hundred progeny line evaluations in 1976, over 
50 breeding and miscellaneous lines were compared for resistance (Table 1). 
Under the severe epidemic of 1976, it is clear that we are not yet approach- 
ing complete resistance, even in our best lines. However, this may be an 
unattainable and unnecessary goal. Meanwhile, we will continue the breeding 
effort based on the evidence that more resistant genetic recombinations are 
possible and can probably be isolated. Release of the most promising breed- 
ing lines is anticipated during 1977. 


Table 1. Rhizoctonia root rot resistance of breeding and miscellaneous lines 
assessed by disease index (DI) and % of check and % healthy roots. 
Means followed by the same letter are not significantly different 


(P =..,05). 
DI 

Entry fe MOL he 
no. Population and description Mean check healthy 
Multigerm lines 

44) FGV/01/5;° 7 “cy. Rhesel “v2 ehiy 93 22 
442 FC 703/1; increase 4.3 fghij 91 24 
443 FC e702/5; 7) cya nin. sade 5.9 def 68 20 
444 EC J/Ol/5* 6°cv. Rissede a /eaere 76 19 
445 FC 701/4°" 7 cy.kh.sel. 4.3 fghij 89 23 
449 FC 701/5; 7 cy.Rh.sel.;increase Linemeorial 95 22 
467 FC 702/5*" oyne as cy Rie dele 4.4 efghij 87 19 
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Table 1 continued 








DI 
Entry & of Z 
no. Population and description Mean check healthy 
Multigerm lines 
468 FC) 701 /5e5Syns5 7AcysRhisel. 4.4 fehij 88 20 
469 FC 703; resistant check 4.0 hij 100 18 
471 FC 703; syn. from GH Rh.sel. 4.7 defgh 76 22 
446 Rh.resist. line from misc. incl. Sed 56 4 
B. maritima 
447 Rh. damp-off sel. from FC 700's de> efshijercd 18 
448 Rh. trans. segs. from FC 702/5 X eeaoevhiaes 92 23 
FC 701/5 
450 Rh.sels. by Afanasiev from GW 6.6 ab 12 0 
material 
454 GH, Rh.sel. from .SP. 6322-0; .,1. cy. 6.7 ab iw 4 
472 Syn. of GH Rh.sel. from SP 6322-0; On aD 24 6 
Ty 
455 SP 6322-0 oe 5 0 
456 Syn. Red 5.0 def 68 19 
457 Red Beet Tester Be Oud] 100 28 
466 Syn. fr. GW 674 and C 817 a10 0) 109 29 
474 SP 7322-0 6.6 ab 12 4 
453 Ci isOra 0 0 
459 VNIS-F-505; USSR, trench rot res. 045.2 6 0 
460 VNIS-F-510; USSR, trench rot res. 6./° ab 10 0 
461 VNIS-F-526; USSR, trench rot res. 6.6 ab ili 0 
462 VNIS-F-738; USSR, trench rot res. 6.5 ab 18 0 
463 N*7776;- USSR 6.5. ab 18 6 
476 Pool of 14 MM USSR lines 6.9 a 4 0 
Monogerm lines or segregating for monogerm 
451 Syn. from FC 701 X LSR-CTR, Type 0, Boao Kk. 22 3 
mm lines 
452 F3 families from FC 701 X LSR-CTR, 4.4 fghij 88 ae 
TO, mm 
458 LSR-CTR,mm X FC 701 B,OP,; 2 cy. 6.0 be 33 7 
Rh.sel. 
465 Syn. from 702 X LSR-CTR, mm 4.8 defg 13 16 
464 SP 555-0 6.5 ab 18 8 
483 SP 547-0 6.7 ab 11 2 
475 Pool of 4 USSR mm lines 6.7 ab 10 2 
477 Mono Hy Al 6.6 ab iz 0 
478 Mono Hy D2 6.5 ab 17 2 
479 HH-21 6.9 a 3 0 
480 Amer. #2 Hyb. B 6.7 ab 9 2 
481 US H20 6.9 a 2 0 
482 US HI1OB 6.9 a 3 2 
485 U-I Hyb. 8 6.9 a 4 0 
488 AH-10 6.9 a 2 0 
492 ACH 12 6.9 a 2 0 
493 ACH 14 6.8 a 6 0 


ee 
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Evaluation of Contributed Lines.--E. G. Ruppel and R. J. Hecker 


Separate randomized block designs with five replications were used to 
evaluate lines from Amalgamated, American Crystal, Great Western, and Holly 
Sugar Companies for resistance to Rhizoctonia. Lines from Utah-Idaho Sugar 
Company were included in another experiment of similar design, but with 52 
additional USDA entries. A total of 77 contributed lines were tested. 
Resistant cultivar FC 703 was included as a control in each test. Results 
of each company's test were statistically analyzed and sent to company 
breeders, thus, they will not be reproduced here. Generally, the resistant 
control and hybrids with resistant parentage (FC 701, 702, or 703) were 
more resistant than entries having no history of selection or breeding for 
rhizoctonia resistance. The disease index range on a scale of 0 to 7 for 
cultivar FC 703 was 3.5-4.4 (% = 4.0), whereas for company lines the range 
was 3.4-7.0 (x = 6.2). Percentage healthy roots (0 + 1 classes)/for FC 703 
ranged from 9-26 (X = 15.6)%, whereas for the other entries the range was 
0-32 (x = 2.9)%. 


Effect of a Nematicide ('Telone II') and a Systemic Insecticide ('Temik') 
on Intensity of Rhizoctonia Root Rot in the Field.--E. G. Ruppel, R. J. 


Hecker, and C. R. Frey. 


Neither preplant 'Telone' fumigation nor ‘'Temik' application, alone or 
in combination under quasi-commercial conditions, affected the incidence or 
severity of root rot in cultivar Mono Hy D2 in a field experiment. Mean 
disease indexes for all treatments including the nontreated control ranged 
from 6.5 to 6.8) on a scaiezol Ostom. 


Effect of Nitrogen Fertility Level on Intensity of Rhizoctonia Infection in 
the Field.--E. G. Ruppel and R. J. Hecker. 


Nitrogen fertility (preplant and side-dressed) had no significant effect 
on the overall severity of root rot in a susceptible sugarbeet hybrid variety 
planted in a field infested with Rhtzoctonta solant; however, significantly 
more roots were classed as healthy when beets received 180 vs. 80 1b N/acre 
(13 vs. 3%, respectively). 


Efficacy of 2-Iodobenzanilide ('Benodanil') for Control of Rhizoctonia Root 
Rot.--E. G. Ruppel, E. E. Schweizer, and C. R. Frey. 


An in-furrow application of 5 and 10 1b product per acre failed to con- 
trol Rhizoctonia solant in the field, but did control the disease in a green- 
house experiment. This product has been discontinued by BAS and no further 
tests will be made. 
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Root Rot Severity at Different Harvest Dates.--E. G. Ruppel and R. J. Hecker. 


Disease severity in our rhizoctonia nursery was not dramatically dif- 
ferent over three harvest dates at 10-day intervals beginning September 7. 
Mean disease indexes (D.I.) on a scale of 0 to 7 for cultivars FC 7901/5 
(resistant), FC 801 (intermediate), and FC 901 (susceptible) on September 
7 were 3.3, 4.7, and 6.4, respectively. At the last harvest on September 
28, the D.I.'s were 3.8, 5.6, and 7.0, respectively. Thus, considerable 
latitude exists for scheduling field evaluations for disease resistance. 


Susceptibility of Species in the Section Patellares to Rhizoctonia solani.-—- 
E. G. Ruppel. 


Beta atrtpltctfolta, B. macrocarpa, B. maritima, and B. vulgarts [Swiss 
chard, and sugarbeet cultivars FC 901 (susceptible) and FC 701/5 (resistant) ] 
were tested for susceptibility to the seedling damping-off and mature root 
rot phases incited by Rhizoctonta solani. Mean disease indexes on a scale 
of 0 to 7 ranged from 4.6 to 5.6 for all entries, excluding FC 701/5 which 
had a mean of 1.7. 


Triploid vs. Diploid Hybrids for Rhizoctonia Resistance.--R. J. Hecker and 
E. G. Ruppel. 


Somewhat limited data in 1973 and 1974 indicated that 3X hybrids, where 
the rhizoctonia resistant pollinator was tetraploid (4X), were more resist- 
ant to a root-rotting strain of Rhizoctonta solant than were equivalent 2X 
hybrids. However, no difference was noted between 2X and 4X equivalent 
resistant parents. In 1976, 36 hybrids were compared in more extensive con- 
firmatory experiments. 


In Table 1 are listed disease index (DI) means for hybrids with common 
pollinators and common CMS parents, as well as the parents themselves. There 
appears to be no doubt that 3X hybrids with two genomes from the resistant 
pollinator are more resistant to rhizoctonia root rot than similar 2X hybrids. 


There appears to be some interaction with CMS parents. In Table l, 2x 
and 3x hybrids with (562 CMS X 569) and 63-(5HO X 6) were not significantly 
different. Hence, significant advantage of 3X over 2X hybrids may not occur 
for every CMS line, but at least there appears to be no disadvantage for 
resistance. 


There is one significant parental difference, FC 701/4 vs. FC 701/4(4x), 
where the 4X is more resistant than its 2X source. This appears to be an 
exaggeration of a nonsignificant difference shown in 1974. If this is a real 
genetic difference due to genetic drift, unobserved natural selection, or 
undetected pollen or seed contamination, it would have biased some of the 
results in favor of the 3X hybrids. But the pollinator effects of FC 703 
and FC 702/4 in Table 1 would be unaffected. So it detracts little from the 
credibility of the results. 
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Table 1. Mean disease index (DI) of hybrid combinations of six CMS lines 
and three rhizoctonia resistant 2X and 4X pollinators. 


EE ee 


Pollinator effects Mean DI 
I 
CMS lines X FC 703 5.9 } ex 
CMS lines X FC 703 (4X) a) 
CMS lines X FC 701/4 6-1 dae 
CMS lines X FC 701/4 (4x) SP 
CMS lines X FC 702/4 6.3 px 
CMS lines X FC 702/4 (4x) awe 
CMS lines X 2n O's Gal } ae 
CMS lines X 4n O's Seek 


Female effects 


Polish 300/71 CMS X 2x o's 
Polish S00/71VCMS.X Ayicis 
(562 CMS X 569) CMS X 2X c's 
(562 CMS X 569) CMS X 4X o's 
63-(5HO X 6)CMS X 2x C's 
63-(5HO X 6)CMS X 4x o's 

GW 918 CMS X 2X o's 

GW 918 CMS X 4x o's 
H65-02-69 CMS X 2x o's 
H65-02-69 CMS X 4X o's 
(100363 X 12166)CMS X 2x o's 
(100363 X 12166)CMS X 4X o's 


} xx 


}NS 


INS 
} xx 


Lax 


} ex 


ANDUDUWDNDWNWD WW OV 
eo 7 67 2a) 6 e 
MWonNWHrFNOHKOUOWW 


Parent lines 


Polish 300/71 CMS 
(562 CMS X 569) CMS 
63-(5HO X 6) CMS 

GW 918 CMS 
H65-02-69 CMS 
(100363 X 12166) CMS 
FC 703 

EG.+703 (4x) 

FC 701/4 

FC 701/4 (4X) 

FC 702/4 

BCTO02/ 42 (4X) 


e e 
WOrFrFAWAMAMAUNW SD 


}NS 


} wx 


PHRWNWWAADAAAAA™ 
e 7. ee @ 


}NS 


LSD .05 = 0.83 (for comparison of parents) 





The CMS parent 63-(5HO X 6) imparts a significant amount of resistance 
into some of its hybrids and may be worthy of testing as a parent of hybrids 
in a rhizoctonia prone area. 


These data, together with those of 1973 and 1974, confirm the resistance 
advantage of 3X hybrids with two resistant genomes over 2X hybrids. Hence, 
breeders desiring resistance in their hybrids should use a 4X rhizoctonia 
resistant pollinator. 
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POWDERY MILDEW INVESTIGATIONS, 1976 


Sugarbeet Powdery Mildew in 1975-76.--E. G. Ruppel. 


Powdery mildew followed the same pattern of development and spread as 
noted in the past 2 years. The disease occurred in every area where sugar- 
beets are grown, including experimental tests in Beltsville, MD. Control 
of the disease has continued with timely applications of sulfur in various 
formulations. 


Resistance of Beta patellaris and B. procumbens to the Sugarbeet Powdery 
Mildew Fungus.--E. G. Ruppel. 


No powdery mildew developed in 53 plants of Beta patellaris from four 
seed lots, or in 12 plants of B. procwnbens following inoculation with 
powdery mildew fungus conidia from sugarbeet. All plants were maintained 
in an atmosphere conducive to powdery mildew development, and in the presence 
of infected sugarbeet plants, until they flowered and set seed. Thus, these 
Beta spp. appear to be highly resistant to Erystphe polygont from sugarbeet. 


Relationship of Plant Age and Susceptibility of Sugarbeet to Powdery Mildew. 
-—-F. G. Ruppel. 


A randomized block design with four replications was used in each of two 
trials to determine relative susceptibility of sugarbeet at 2, 4, 8, 12, and 
16 weeks after planting. Disease severity increased with age of plant at 
inoculation. Mean disease indices on an increasing severity scale of 0 to 5 
Mameascombined. analysis were,3.0. for 16-, 2.5 for 12-, 1.8 for 8-, 0.7 for 
4-, and 0.3 for 2-week-old plants. 


The Effect of Quick-Freezing on Viability of Powdery Mildew (Erysiphe poly- 
goni) Conidia.--E. G. Ruppel. 


Heavily infected sugarbeet leaves were quick-frozen and then held at 
-33 C for 24, 48, 72, and 96 hours. After each period, a sample of frozen 
leaves was ground and used to inoculate sugarbeets. Conidia from frozen 
samples also were distributed on water agar and incubated for 16 hours at 
25 C to determine viability. All inocula prepared from frozen leaves were 
noninfectious, and conidia failed to germinate on water agar. 


Additional Studies on Powdery Mildew.--E. G. Ruppel. 


1. Cycloheximide at 2 ppm was shown to effectively control sugarbeet powdery 
mildew in a greenhouse test. However, the antibiotic caused significant phyto- 
toxicity and cannot be recommended for use on sugarbeet. 


2. Powdery mildew spores (Erystphe sp.) from naturally infected field plants 
of Amaranthus retroflexus failed to infect sugarbeet in the greenhouse. Spores 
from sugarbeet also failed to infect healthy A. retroflexus plants. 


3. Experiments on the longevity of powdery mildew spores and mycelium on 
infected sugarbeet leaf debris and seed were repeated and confirmed in 1976 
(these reports, 1975, p. C29-C30). 
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Bugbee, W. M. and D. F. Cole. 1976. Sugarbeet storage rot in the 
Red River Valley, 1974-75. J.ASSBT 19: 19-24. 


Sugarbeet roots were sampled from the picking table at a Moorhead, MN, 
factory from November 6, 1974, through March 12, 1975. During this 
128-day period 1.22% by weight of roots processed were rotted. This 
amounted to an actual sugar loss of 1,113,240 1b plus another loss 
estimated at 1,781,184 1b of sucrose going to molasses (1.6 melassigenic 
factor). About 71% of the roots were partially crowned. This practice 
probably contributed to rot development. A sampling of roots from the 
Red River Valley showed that the amounts of crown removed and decay 
were Similar among six factories. Three fungal pathogens were involved: 
Phoma betae, Penicillium claviforme, and Botrytis cinerea. The 
prevalence of P. betae was slightly greater than of P. claviforme. Both 
were much more prevalent than B. cinerea. 


There was slightly more rot, associated with wounds, on the tap root 
than on the crown early in the storage period. Rot in the crown region 
developed slowly but eventually accounted for the greatest portion of 
rotted tissue compared to the tap root or tip of the tap root. 


Bugbee, W. M. 1976. Penicillium claviforme: sugar beet pathogen and 
antagonist of Botrytis cinerea. Can. J. Plant Sci. 56: 647-649. 


Sugar beet storage rot caused by Botrytis cinerea was completely inhibited 
by a storage rot isolate of Penicillium claviforme in sugar beet tissue. 
Storage rot caused by Phoma betae was not inhibited. Growth of B. cinerea 
was inhibited 50-100% in liquid cultures containing diluted filtrates of 
P. claviforme. Differing reports as to the prevalence of B. cinerea as a 
storage rot pathogen may be due to this antagonism. 


Cole, D. F. and Bugbee, W. M. 1976. Genetic and other factors affecting 
internal CO, concentration in sugar beet roots. Can. J. Plant Sci. 56:627-631. 


Studies were conducted to determine if there was genetic variation in internal 
COz levels in sugar beet roots during storage and to determine the effects of 
resident bacteria, storage temperature, decay, and root weight on internal 

COy levels. Significant differences in internal co, levels were observed among 
different sugar beet lines. Internal CO, levels of roots selected from 
American 3 Hybrid T were not correlated with the number of resident bacteria 

or weight of the roots after two storage periods. Root weight was negatively 
correlated with internal COz over all lines and the coefficient of determination 
was 2.2% (12x 100). Internal CO“ levels in roots with visible decay were 
Significantly higher (5.21%) than COp levels (1.92%) in healthy roots. Higher 
storage temperature significantly increased internal COz levels in sugar beet 
roots. Our results show that there is genetic variation for internal C05 
levels in sugar beet roots. 
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Cole, D. F. and W. M. Bugbee. 1976. Changes in resident bacteria, pH, 
sucrose, and invert sugar levels in sugarbeet roots during storage. 
Applied and Environmental Microbiology, May, 1976, 31: 754-757. 


Stored sugarbeet roots began fermenting within 24 h after oxygen was 
depleted at 26 C when the resident bacterial populations increased 
dramatically. Most of the bacteria present after anaerobic storage 

for 7 days at 26 C could hydrolyze sucrose in vitro. Although pH 

and sucrose levels decreased and invert sugar levels increased with time 
in aerobic storage at 26 C, these processes were significantly accelerated 
in beets stored anaerobically at 26 C. Under oxygen-depleted storage 
conditions at 26 C, the sucrose content was almost completely lost after 
21 days. 


Cole, D. F., A. G. Dexter and Armand Bauer. 1976. Effect of agronomic 
practices on apparent sucrose and invert sugar levels during storage of 
sugarbeets (Beta Vulgaris L.). Farm Research 33:25-27. 


The objectives of this study were to determine the effects of chemicals, 
supplemental irrigation, nitrogen, and cultivars on invert sugar accumulations 
and apparent sucrose loss in sugarbeet roots SELOLeG fOr L510 Gays oat. Jat. 

The data indicate the importance of controlling several agronomic practices 
that affect quality of sugarbeet roots during storage. 


folie, D. b.,-A. Do Halvorson, G. P. Hartman, J.D. Etchevers, and J. T. 
Moraghan. 1976. Effect of nitrogen and phosphorus on percentage of 
crown tissue and quality of sugarbeets. Farm Research 33:26-28. 


The objectives of this investigation were to determine the effects of 
nitrogen and phosphorus on the amount of crown tissue produced and quality 

of sugarbeets (Beta vulgaris L.) grown in the field. Nitrogen and phosphorus 
significantly increased the percentage of crown tissue produced. Nitrogen 
significantly lowered sucrose concentration in root and crown tissue. Phos- 
phorus did not affect sucrose in crown tissue, but 80 lbs P/acre significantly 
lowered sucrose in root tissue. These results suggest that good management 

of soil fertility can significantly improve sugarbeet quality by reducing the 
amount of crown tissue produced and by reducing impurities that influence 
extraction of sucrose. 
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SUGARBEET STORAGE ROT RESEARCH 
W. M. Bugbee 
USDA, Agricultural Research Service 
North Dakota Agricultural Experiment Station 
Fargo, North Dakota 


The use of a sugarbeet storage variety that has been developed for highly 
desirable storage characteristics might help us reduce losses in storage. One 
of these characteristics should be resistance to storage rot pathogens. One 
aspect of our breeding program is to identify genotypes with resistance to one 
or more storage rot pathogens and to increase the frequency of these genotypes 
so they can be used as parental material for the development of storage hybrids. 


Sugarbeet roots are not evaluated for resistance to storage rot pathogens 
until the roots have been in storage for at least 80 days. Experience has shown 
us that freshly harvested roots are more resistant to rot than roots that have 
been stored for several weeks. Therefore, we wait until roots have been stored 
for 80 days before evaluation at which time susceptibility has increased con- 
siderably. The assumption is that little value will be realized unless resistance 
is at adequate levels in roots that have been stored for some time. If 
resistance could be detected earlier in the life cycle of the sugarbeet then 
progress in a breeding program could be accelerated because more roots could 
be evaluated in one year and susceptible material could be eliminated early 
in the program. This is the objective of this experiment. 


Two sugarbeet lines, one selected for resistance to Phoma betae in the 
USA from a line of Russian origin and a second line which was a susceptible 
commercial cultivar, were harvested and evaluated for rot resistance 80, 121, 
and 162 days after planting and after 0, 30, or 80 days storage at 5 or 30-8 
Cores of root tissue, 18mm in diameter, were removed with a cork borer, placed 
on, endsonu purescultures Of |b: SEE Botrytis cinerea, or Penicillium claviforme, 
then incubated for 14 days at 20-22°c. After incubation, the cores were cut 
longitudinally and given a rot rating. 


Results and Discussion 


The resistance to all pathogens of unstored roots increased with maturity. 
This supported our earlier observations. This was most evident with B. cinerea 
and P. betae and less so with P. claviforme. When the most immature roots (80 
days after planting) were stored at 5° they became more resistant than those 
that had not been stored. These immature roots became more resistant to P. 
claviforme when stored at 20° for 30 days but not after 80 days. 


The rot reactions as affected by root maturity and storage conditions was 
not consistent among the three pathogens. The reactions to B. cinerea and P. 
claviforme of roots that had been stored for 30 or 80 days at 5° were similar. 
Roots stored at 20° for 80 days increased in susceptibility to B. cinerea. 
This increase was not evident with P. claviforme. The reactions to P. betae 
of roots of intermediate maturity (1 days after planting) differed from B. 
cinerea and P. claviforme. The susceptibility of these roots increased after 


30 then decreased after 80 days in storage to a point comparable to unstored 
roots. 


= D5 


Varietal differences to infection were greater with B. cinerea than the 
other two fungi. These differences were evident in roots that were harvested 
121 or 162 days, but not 80 days after planting. The varietal differences 
were greater after the roots had been stored. 


A summary of the analysis of variance is in table 3. The single effects 
of genotype, maturity, and storage conditions were significant except for 
the effect of maturity on rot caused by P. betae. The effect of genotype on 
rot caused by Penicillium was significant at the 5% level but the means were 
so similar that differences probably could not be detected when actually 
screening roots. The interaction of genotype and maturity was not significant 
indicating these variables acted independently on rot caused by the three 
pathogens. The interaction of genotype and storage conditions was significant 
for rot caused by Botrytis and Penicillium but not Phoma indicating that these 
factors acted independently on Phoma but interacted to influence the amount 
of rot caused by the other two pathogens. Maturity and storage conditions 
interacted to affect the amount of rot caused by all pathogens. The second 
order interaction of all three factors affected the amount of rot caused 
by Phoma and Botrytis but not Penicillium. 


At least one more year's data is needed to support the conclusions that 
detecting resistance to Botrytis can be done with immature stored roots; to 
Penicillium in mature unstored roots; and to Phoma in mature stored roots. 


Progress in Breeding for Resistance to Three Storage Rot Pathogens 


Table 2 lists most of the entrys from the 1976 storage rot evaluation. 
Introductions from the U.S.S.R. that were developed for resistance to storage 
rot did not have adequate levels of resistance to our isolates of storage 
pathogens. But selections of roots showing resistance within these populations 
have resulted in good progress in developing germplasm with significant levels 
of resistance especially to B. cinerea. Three of the best Russian lines are 
768 (75B2-1), 7613 (75Bl-1), and 7615 (75B3-7). The entry 75P2-4 has the 
highest percentage of roots resistant to P. betae and originated from FC701/4, 
a rhizoctonia crown rot resistant line from ARS, Ft. Collins. 


The disposition of these four germplasms is pending results of the 
current (1977) evaluation. 
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Table 1. Effect of root maturity and length and temperature of storage on 
decay caused by three storage pathogens. Two lines were compared, 
one selected for resistance (R) to Phoma betae and the other 
susceptible (S) a commercial cultivar. 


Phoma betae 


——— 


Rot Storage Age at Harvest (days) 
Reaction time temp. 80 20 162 
0 ee ee ee 

days eC rot rating a/ 
S 0 -- 266 1.4 0.9 
S 30 5 Oe? 2°47, ive 
Ss 30 20 250 2k 0.9 
S 80 5 Lé6 0.8 Sez 
S 80 20 4.8 eS 520 
R 0 -- 251 de. 2 0.8 
R 30 5 ORS Qie2. ee 
R 30 20 1.4 22 1.4 
R 80 5 1.4 0.9 1.8 
R 80 20 4.0 deed 4.1 
Botrytis cinerea 
s 0 -- 5a.0 Zr iO 
S 30 5 4.6 3.9 3.4 
S 30 20 Dre) BO SS 
S 80 5 4.3 330 So 
Ss 80 20 5.6 AP2 4.9 
R 0 -- 5.0 1.4 0.4 
R 30 5 yar en, Lao 
R 30) 20 Sa Jae Zan 
R 80 5 200 Aaa 230 
R 80 20 4.3 3.4 4.3 
Penicillium claviforme 
S 0 = Se 0.6 2.8 
S 30 5 Owl 2:8 aa 
S 30 20 1.8 Za Zee 
s 80 5 26 2. Sl 
S 80 20 4.3 2.8 50 
R 0 -- 3,2 Isl Zao 
R 30 5 0.3 260 2am 
R 30 20 VES 2.0 2.4 
R 80 5 lia 2=4 2<3 
R 80 20 313 22 4.4 





a/ rot rating; 0, 1 = resistant; >2 = susceptible 


Table 2. 
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Results of 1976 evaluation of sugarbeet roots for resistance to 
storage rot caused by Phoma betae, Botrytis cinerea, and 
Penicillium claviforme. The original line is compared to 
progeny from individual plants of an interpollinated population. 





FC 701/4 
Poe 2—1 
fan 2=2 
PoP e~3 
BoP2-4 
oP 2-5 
for 2-6 
Pores 
BSP2-8 
7oOr2—9 


70P23 
75P4-1 
75P4-2 
75P4-3 
75P4-6 
75P4-7 
75P4-8 
75P4-9 
75P4-11 
75B4-1 
75B4-2 
75B4-3 
75B4-4 


N2376 
oni) 
fopL@2 
7woOpL-3 
75B1-4 
poD1 => 
eo 


VNISF526 
75B2-1 
Tap 2=2 
75P6 








No. of % of n resistant to 
Source Roots (n) Phoma Botrytis Penicillium 
691246-00 80 ete 0 4 1975 began recurrent 
Re Collins 62 19 0 0 selection. Seed for 
56 23 0 0 this crop derived from 
37 62 0 0 2 cycles of individual 
41 al 0 2 plant selection for 
59 66 0 0 resistance to Phoma. 
2 67 0 0 691246-00 from Fort 
36 TS 0 0 Collinsecrowne Loe 
48 sed 0 2 program. 
47 eae 0 0 
East Lansing 52 0 0 0 1975 began recurrent 
25 ) 26 0 selection. Seed for 
68 ib 6 0 this crop derived froin 
84 4 2 0 3 plants selected for 
30 3 10 3 resistance to Phoma. 
6 ai, 0 0 in 1974 70P23 from 
32 0 0 0 East Lansing. 
6 0 33 0 
8 0 12 IZ 
oe 0 0 O 
34 3 0 0 
24 0 0 0 
20 0 0 0 
54 0 0 O 1975 first year of 
70 46 Sill 7 recurrent selection. 
10 0 10 0 Roots selected in 1975, 
W'S 40 any i NI27G aE O20 pn too, Eb oLU,s 
Fae 0 chal. 3 are Russian breeding 
82 BES Aik i lines resistant to 
94 7 10 2 "trench rot' under their 
conditions. 
79 LS 0 4 
30 oy Si a3 
94 0 8) 2 
60 30 0 2 


NOwEOn 
Source Roots (n) 


-<ED8'- 


% of n resistant to 
Penicillium 


Phoma 


Botrytis 


a 


VNISF738 68 
75P3-2 48 
75P3-3 64 
75P3-4 85 
75P3-5 67 
75P3-6 ae 
75P3-8 26 
75B3-1 76 
75B3-2 39 
75B3-3 38 
75B3-4 33 
75B3-5 23 
75B3-7 82 
75B3-8 108 

VNIS F510 Utrera tee 63 
bd, oo 
Bot 3-6 66 
7327-1 FC 702 ta 

PU. collins 
SRS7319-1 FC702/4 39 
7 SPL 711245HOO 44 
i525 73097H 48 
ial Ou: Botrytis res 28 
EL) 102 Botrytis sus 33 
EL 103 Botrytis res 26 
EL 104 Botrytis sus 13 
iOS Botrytis res 33 
EL 106 Botrytis sus 17 
FCB 107 582027-0 SL 
FCB 108 621000-0 68 
FCB 109 621001-0 62 
FCB 110 651112-0 1S 


TS 
10 
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ES 

uf 
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as 

0 
aS 
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37 


24 
17 
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9 
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0 
0 
10 
24 


oy (92) = (ey le} ep Co) (oe) (21 fe 


NOON DN Oo 


WN O W 


ee 


= 
NPWOOWROORNOO 


1 
Ne) 


oOoOoOCoOCO°O & na ah 


BDrOroO TO 


Mass selection 
method. 


Selected for Ror § 
to Botrytis in vig6e, 
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R to Botrytis: 
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Table 3. Summary of analysis of variance for the effect of root maturity, 
host reaction, and storage conditions on storage rot. 








Pathogens 
Source of Variation Phoma Botrytis Penicillium 
genotype (G) ak ** * 
root maturity (M) NS xk k* 
storetime & temp (STT) kx ** kK 
GxM NS NS NS 
Grol NS kk kk 
MxSTT Kx ** kk 
GxMxSTT x * NS 


C.V., % 30 20 25 
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SUGARBEET PHYSIOLOGY 
Darrell F. Cole 
Agricultural Research Service 
U.S. Department of Agriculture 
and 
Department of Agronomy 
North Dakota State University 
Fargo, N.D. 58102 


During the 1975-76 storage period, severe difficulties were experienced 
with the operation of the cold storage facilities of the Sugarbeet Research 
Center on NDSU campus. Several experiments were being conducted for the 
second year. However, due to the lack of temperature control, most of the 
experiments were terminated. No information on the effects of growth 
regulators, simulated hail damage, and delayed harvesting after scalping on 
post-harvest storage losses was obtained. These experiments are being 
repeated in the 1976-77 storage period. 


This report contains information on some of the other physiology studies 
being conducted by the Agricultural Research Service. 


Effect of Complete Defoliation on Yield and Sucrose 


Sugarbeets were grown on the North Dakota State University Experiment 
Station at Fargo. Seed of 'American 2 Hybrid B' were planted on June 7 and 
May 21 in 1974 and 1975, respectively. Seed was planted at the American 
Crystal Research Station in Moorhead on May 10, 1976. Individual plots 
consisted of 4 rows spaced 22 inches apart and 35 feet long. Plots were 
arranged in a randomized complete block design with 6 replications. 


Simulated hail "damage" was accomplished by cutting off all leaves with a 
razor blade or hand scythe (depending on plant size) near the base of the 
petioles. Leaf removal was initated 15 days after planting and continued at 
approximately 15 day intervals until 30 days before harvest in 1974 and 1975. 
In 1976, defoliation treatments were initated in July-and continued for 50 days 
at 10-day intervals. Plants within each plot were damaged only once during the 
growing season, except the plants in the check plots which were not damaged. 


Sugarbeets were harvested on October 3, 15, and 19 in 1974, 1975, and 1976, 
respectively. Prior to harvest, 5' alleyways (reducing plot length to 30') 
were established between plots by hand digging and discarding the roots. The 
plots were flailed with a commercial rotobeater and the entire 4-row plot was 
harvested with a modified 2-row mechanical lifter in 1974 and 1975. Small roots 


were picked by hand. In 1976, the two center rows were harvested by manual 
methods. 


After harvesting, the roots were washed, weighed, and quality determinations 
were made using pulp obtained with a multiple blade saw from 10 roots selected 
at random from all roots within each plot. 


Yield and sucrose content was significantly affected by the defoliation 
treatments (Figs. 1 and 2). 


- Dll - 


Yield, Tons/ocre 





May 30 JunIS Jul9 Jul29 Aug!l8 Sept 7 Sept 27 
Date of Leaf Removal 


Figure 1. Effect of complete defoliation on yield of sugarbeet roots. 


Late July and early August is the most critical period in sugarbeet 
growth for yield reduction by hail or other factors which may cause defoliation, 
Since the lowest yields were obtained from plots that were defoliated during 
this period. Maximum reduction in gross sugar/acre also occurred during the 


late July early August growth period (Fig. 3). 


In 1974 a severe hailstorm occurred on August 1 at Fargo and leaves on 
In both 1974 and 1975 the plants were not 


all plots were severely damaged. 
The plots in 1976 were stressed due to 


severely stressed by lack of moisture. 
a lack of adequate rainfall during the growing season. 


The data reported indicate that partial damage by hail early in the 
growing season (prior to early July) would be slight, provided the terminal 
buds were not damaged. Maximum reduction in gross sugar would occur if severe 


hail damage occurred in early August. 
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Percent Sucrose 





May 30 Jun!I9 Jul9 Ju!l29 Aug!i8 Sept 7 Sept27 
Date of Leaf Removal 


Figure 2. Effect of complete defoliation on percent sucrose in 
sugarbeet roots. 


Sucrose, Tons/acre 





May 30 Jun!9 Jul9 Jul29 Augl8 Sept 7 Sept 27 
Date of Leaf Removal 


Figure 3. Effect of complete defoliation on gross sugar per acre. 
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Survey of Piler Stations 


A survey of growers to determine the amount of crown material produced 
and the amount of crown removed by the grower was reported in the 1975 
Sugarbeet Research and Extension Reports. Also included was a brief analysis 
of the amount of crown material delivered to the factory. 





In 1976, a survey of piler locations was conducted to determine the 
amount of crown material delivered by the grower and to determine the effect 
of crown material on quality. 


Eighteen locations were surveyed in mid-October. Fifteen consecutive 
truck loads across the piler was used to sample each location. Two tare 
samples were obtained with the automatic sample on the piler from each 
load. One sample from each load was used to determine the weight of the 
crown material above the lowest scar that was delivered to the piler by the 
grower. The remaining sample was used to measure quality of the roots as 
delivered by the grower. Both samples were delivered to the American Crystal 
Tare Laboratory at East Grand Forks, Minnesota. The beets were washed, 
weighed, and pulp obtained to measure sucrose, nitrate and conductivity 
grade at the tare laboratory. At each piler location, crown material was 
pooled into a composite sample which was analyzed at the tare laboratory. 


Crown material accounted for 20.8% of the total tonnage delivered by the 
growers (Table 1). The range in percent crown (17.1 to 24.5%) was similar to 
that found in 1975 (13.8 to 24.4). The average percent crown over all locations 
in 1975 was 20.5. The 1976 data confirms that the factories are presently 
processing substantial amounts of crown material. Percent crown material 
appeared to be influenced by the amount of soil moisture available for plant 
growth. Generally lower amounts of crown was present in the southern areas 
of the Red River Valley where moisture was substantially below normal compared 
to the middle and northern areas of the valley where rainfall was greater. 


Removal of all the crown material did not significantly affect sucrose, 
nitrate grade, or conductivity grade averaged over all locations (Table 1). 
Sucrose, nitrate and conductivity grades were significantly affected by 
locations. 


Sucrose content of the composite crown material was 10.5% less than the 
average for the sample which was entirely root material, whereas, nitrate and 
conductivity grades were 7 and 37% greater, respectively. 


A significant relationship was noted between brei nitrate grade and 
percent crown which confirms the relationship observed in 1975 (Table 2). 
Also, a significant negative association was noted between percent crown and 
sucrose levels. Our data indicated that by controlling nitrogen application, 
the grower can minimize the amount of crown material produced and maximize 
sucrose content in both root and crown tissue (Fig. 4). 
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Table 2. 


Sucrose 


Nitrate 
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Conductivity | 


ernr 


** 
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Ml 
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n = 270 


E30 n as 


Correlations among several parameters measured on 
sugarbeet samples obtained at 18 piler locations in 
the Red River Valley of North Dakota and Minnesota. 
Sucrose Nitrate Conductivity 
1+ 2 EE 2 1 2 
1 1.00++ ~~ .61** es, 20" © -.15* -.08 
2 1.00 weet  =- 43% -.07 -.27** 
1 1.00 sour * o2 Tk 7LOe 
2 1.00 ook ~J0** 
1 TOU ~sa"* 
io 1.00 


as delivered by grower 
crown removed to lowest leaf scar 
-0O5 significance level 
-O1 significance level 


&---6 SAMPLE 2 
o——o SAMPLE | 
D----0 PERCENT CROWN 


PERCENT SUCROSE 
PERCENT CROWN 





(23) (66) = (102) (61) (14) (3) 


I 2 3 4 'S 6 
NITRATE GRADE 


Effect of nitrate grade on sucrose and percent crown of 
sugarbeet roots. Data averaged over nitrate levels of 
sample 1 as delivered by the grower.. 
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Estimation of Percent Crown 


An estimate of the amount of crown material removed by the grower when 
sugarbeets are scalped was reported in the 1975 Sugarbeet Research and Extension 
Report. This estimate was made by manually harvesting sugarbeet roots that 
were scalped by the grower and comparing the remaining amount of crown material 
with the amount of crown material on roots that had not been scalped by the 
grower. A limited number of samples was made due to the labor and time 
requirement of this method. A reliable and rapid method would be desirable so 
a grower or fieldman could estimate the amount of crown material removed when 
the roots are scalped. 


Sugarbeet roots were obtained from three separate experiments over a 
two-year period. In 1975, roots were obtained for 6 varieties grown at Fargo 
in a variety test. In 1976, roots were obtained from 5 treatments of a long- 
term nitrogen experiment at Sidney, Montana. Also in 1976, roots from 8 
varieties were obtained from strip-plots located in a commercial field near 
Kindred, North Dakota. 


The leaves and petioles were removed by hand trimming the roots from the 
nitrogen experiment and with a commercial rotobeater on the variety plots both 
years. The roots were manually harvested, washed, and weighed. Three 
horizontal cuts through the crown was made so that the cut surface of the crown 
was approximately equal to 25, 51, and 76 mm (1, 2, and 3 in.). The fourth cut 
was made at the lowest leaf scar. The diameter (nearest mm) of each cut surface 
was determined at a right angle to the lateral root axis. The weight of each 
segment of the crown was determined. A total of 887 roots were used in these 
tests. 


Regression analysis was used to develop a prediction equation to estimate 
the amount of crown removed by measuring the diameter of the cut surface. 


The regression analysis indicated that the equation was affected by nitrogen 
level and variety. However, for the equation to be of partical value, since 
the user may be unfamilar with either the nitrogen level or variety, all 
experiments were combined into a single analysis. 


The regression analysis indicated that the largest R? was obtained with a 
multiple regression formula which consisted of the diameter, diameter squared, 
and the logarithm of the diameter. Percent crown was converted to a logarithm 
for analysis purposes. The formula to estimate percent grown is: log P = 
-.0176 + .06527 (dia) -.000268 (dia)? -.932 (log dia). 


The amount of crown removed by cuts of various diameter is shown in Table 3. 
The data indicates that approximately 10% of the crown would be removed with a 
51 mm (2 in.) cut. However, this is probably a larger cut than is normally made 
by the grower. The data reported in 1975 indicated the grower was removing 
approximately 4% of the crown which would indicate a dianeter of 38 mm (1 in.) 
To remove 50% of the crown the diameter of the cut would have to be near 80 mm 
(over 3 in.). 
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A question can be asked that if the grower is only removing 4% of the 
crown with a cut of 38 mm (1 1/2 in.), is it beneficial to remove only a 
fraction of the crown and increase the amount of rot and respiration losses 
in storage? Our data obtained in 1975 and 1976 indicated that all of the 
crown material delivered to the factory had only a small effect on sucrose, 
nitrate and conductivity grades. Therefore, would an additional 4% of crown 
material affect these parameters significantly? 


Results of our research and other public and private researches indicate 
that storage losses can be reduced by not cutting the crown which increases 
both respiratory and rot losses in the storage piles. Also, our data indicates 
that only a slight increase in total tonnage would be experienced and this 
tonnage would not greatly affect quality. 


Leaf-Area Investigations 


The Sugarbeet Research and Education Board of Minnesota and North Dakota 
provided a $9,000 grant toward the purchase of a leaf-area meter. Additional 
funds were provided by the Agricultural Research Service of USDA and by other 
grants to NDSU. The Research Education Board grant was made to the Department 
of Plant Pathology at NDSU. The Plant Pathology Department purchased the main 
component of the leaf-area meter and the Agricultural Research Service purchased 
the accessory calculation module, for a combined total purchase price of 
$12,632. The equipment was received August 20, 1976, and is housed in the 
Sugarbeet Research Center on the NDSU campus. The main component is carried 
on the NDSU Plant Pathology equipment inventory, and the calculation module 
is on the sugarbeet project, ARS, USDA, equipment inventory. 


The area meter was used to measure leaves obtained at three locations of 
the 1976 coded variety test. Three leaf ages were selected by position of the 
leaves in the leaf canopy. Newly developed leaves were selected from the center 
of the leaf whorl, expanded leaves were selected from the middle or upper part 
of the canopy, and older leaves were selected from the lower portion of the 
canopy. Leaves within leaf ages were selected at random from 15 plants in each 
of the two center rows of each 4-row plot. Nineteen varieties were sampled. 

The total number of leaves collected was ees 


The leaves were collected during the week of sept.913, 1976, placedwang 
plastic bags, and transported to the NDSU campus and placed into a cold room at 
40 F. Length, width, area, and dry weight (24 hrs. at 80 C) of each leaf was 
determined. Specific leaf weight (SLW) was determined as the ratio between dry 
weight and leaf area. 


The three locations selected (St. Thomas, Ada, and Breckenridge) represented 
a range in rainfall during the growing season. The objective of the study was 
to determine the effect of location and variety on leaf size and density. 


All parameters measured was significantly affected by location and leaf 
age (Table 4). 


No significant differences were detected between varieties except for leaf 
length and none of the leaf-age X variety interactions were significant. 


- D19 - 


Table 4. Summary of analysis of variance for sugarbeet leaves. 


Source of Variation 


Parameter Location Variety Leaf Age Leaf Age X Variety 
Length ** *&% ** NS 

Width ao NS ) *% NS 

Area = Ss NS ** NS 

Dry Weight ** NS wt NS 

SLW ne NS * x NS 

Len X Wid *% NS ** NS 

NS = Not significant 


ke 


-0O1 significance level 

The largest leaves were observed at St. Thomas where rainfall was near 
normal and the smallest leaves were at Breckenridge where rainfall was less 
than normal. Leaves were both shorter and narrower at the drier locations, 
(Table 5). 

Table 5. Effect of location and leaf-age on several leaf parameters. 


Location 


Length Width NS Dry Weight SLW 


mm mm cm g mg cm? 
St. Thomas 194 118 181 Le Sew 3 
Ada 146 98 116 O87 eke 
Breckenridge 138 90 104 L518 10.45 
Leaf Age 
Young 93 56 a7 O22 6.46 
Mature 160 100 114 0.84 7.94 
01d 224 149 251 ee 2 4 8.89 


Specific leaf weight was increased by 82% at the drier location compared 
to the near normal rainfall location. The SLW of the oldest leaves was 38% 
higher than the youngest leaves. This data supports our previous findings 
in that leaf parameters is relatively unaffected by varieties. Time of leaf 
initation and environmental influences substantially determine leaf size and 
SLW. 
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Evaluation of Sugarbeet Hybrids 


G. J. Hogaboam 


The evaluation program in 1976 was cooperative with the Farmers & Manufac- 
turers Beet Sugar Association and its member companies. 


The sugar and purity analyses were conducted by M. G. Frakes, Director of 
Research, Michigan Sugar Company. The percent sucrose, percent clear juice 
purity, and recoverable white sugar per ton were determined according to "A 
rapid and practical method of determining extractable white sugar, as may be 
applied to the evaluation of agronomic practices and grower deliveries in the 
sugarbeet industry", by S. T. Dexter, M. G. Frakes, and F. W. Snyder, as pub- 
lished in the Journal of the American Society of Sugar Beet Technologists, 

VO lola, INO 5: 


Eighteen hybrids, US H20 (as 2 entries), and US H21 were included in a test 
at tne Hayward Farm, at Bay City, MI. These results are reported as experi- 
ment 6015302. 


Five multigerm pollinators from our Rhizoctonia resistance breeding program 
were used as pollinators on the same female line as is used to make US H20. 
The yield and quality of these hybrids were compared with US H20 in five latin 
Square tests in Michigan and Ohio. The pollinator with the most selections 
for Rhizoctonia resistance produced a hybrid with significantly less pounds 

of recoverable sugar per acre than US H20. This same hybrid was significantly 
down in yield of roots and in stand. It appears its problem was seed vigor, 
Since disease was not a significant factor in any of the tests. All other 
hybrids were not significantly different from US H20 in pounds of recoverable 
sugar per acre or tons of roots per acre. Three of the hybrids exceeded 

US H20 in percent sucrose and pounds of recoverable white sugar per ton. Un- 
fortunately, the Rhizoctonia resistance test of these hybrids was a failure 
this year. 


ante. 
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Rhizoctonia Resistant Hybrids Performance at 5 Locations 


Seed Number Vy 


75B12x012 
75B13x024 
75B18x03 
76B2x02 
76B3x02 
USH20 


52D. 5% 
General Mean 


75B12x012 
75B13x024 
75B18x03 
76B2x02 
76B3x02 
USH20 


EiS-Dr Poe 
General Mean 


75B12x012 
75B13x024 
75B18x03 
76B2x02 
76B3x02 
USH20 


L-S.De 5% 
General Mean 


75B12x012 
75B13x024 
75B18x03 
76B2x02 
76B3x02 
USH20 


UoS. Deeb 
General Mean 


(Footnotes next page) 


102% 
86. 
aoe 

10Z3 

107. 

103. 


NS 


Cae 


100. 
100. 
100. 
100. 
100. 

96. 


NS 


286. 


100. 
100. 
100. 
101. 
100. 

9/5 


NS 


16. 


Performance in Percent of General Mean 


Recoverable White Sugar Per Acre 


Tons of Roots Per Acre 


] 9723 98.5 100.4 92.6 
2 Oleg, SOu2 91.8 90.7 
3 2 he 108.6 103% LE720 
] 105.0 98.9 94.2 109.7 
0 103.6 99.7 98.0 99.7 
2 107.2 108.1 ta 22, Sha 
NS 3c NS NS 
56 os. 9) Z3e05 18.50 T4275 
Recoverable White Sugar Per Ton 
7 99.9 99.8 102.0 103 
ji 10s 102.6 101.6 99.3 
5 98.7 98.1 97.9 OT i; 
8 98.8 98.9 99.2 98.9 
4 101.4 102.2 99.7 103.0 
9 99.9 98.4 99.5 99.7 
NS NS oS NS 
4 289.3 285.8 314.3 297.9 
Percent Sucrose 
2 100.2 100.3 101.6 101.3 
3 101.0 102.0 101.0 99.9 
7 99.0 98.7 98.6 97.8 
2 Cer 5 99.2 99.6 99.0 
] 100.9 10157 99.8 1252 
5 100.3 98.0 99.3 99.7 
NS NS 1.9 NS 
53 17.08 16.79 18.46 17.59 


490.9 
446.6 
Deol 
Sue 
508.0 
Debut 


Ose 
Sbeias 
492.9 
496.6 
Oe 
494.4 


203.0 
504.2 
494.8 
49755 
504.7 
494.8 


9/ Five Experiments 
1S 2 4 4 3 Total Average 
10207 97.1 eo | OY 94.1 494.9 99.0 
86.5 92.8 88.6 92.9 89.6>- 450.4 390.1 meer 
100.3 94.1 106.8 101.0 fal l4.9=—5 517.1 =O 
103) Sane sl03s6 97.7 93.5 °107.8<. 49959 tosogo 
107*4anel05e4 102.1 98.0: 400229 515.5. 103.1 
99.7 Oye 106.3 112 96.7 522.0 104.4 
NS NS NS NS NS 7.3 
6478 6920 6648 5800 4388 


98 
89.3 -- 
104.6 
102.0 
101.6 
105.6 


jak 


100.7 + 
1 OTe 
98.6 
9933 
10a 
98.9 


1.6 


100.7 + 
100.8 + 
99.0 
9935 
100.9 + 
9970 


1.4 


(continued) 
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Performance in Percent of General Mean 


Percent Clear Juice Purity 


1/ 2/ Five Experiments 

Seed Number— l= 2 4 5 3 Total Average 

75B12x012 100.3 99.8 99.7 100.2 100.0 5000-3"1 00.0 

75B13x024 100.2 100.1 100.3 100.3 99.7 SOU Dae UU.Al 

75B18x03 99.9 99.9 99.7 99.7 100.0 499.2 99.8 

76B2x02 99.7 100.2 99.8 99.8 100.0 499.5 99.9 

76B3x02 100.2 100.3 100.2 99.9 100.4 0 Ome 
USH20 99.7 99.8 100.3 100.2 100.0 SOUS Or welOUs 0 
Peo. Dil 5% NS NS NS NS NS NS 
General Mean 95.28 94.58 94.88 94.63 94.49 


Beets Per 100' of Row 


75B12x012 98.1 101.2 100.8 O34), 103.0 496.8 99.4 

75B13x024 SB She, ntGSe0 £939 Sam 9170 65.4 - 408.4 81.7 - 

75B18x03 100.0 98.0 108.5 110.3 109.1 525 Ott LOS: 2 

76B2x02 92.6 105.0 99.6 88.8 103.0 489.0 97.8 

76B3x02 Mee 113.4 110.4 98.5 1422 DOA ali 29 

USH20 103.7 98.6 100.8 TliALS 104.2 525.1 105.0 
aa. Se 14.1 16.1 14.9 heiiecel 20.5 9.4 
General Mean 89.7 86.2 87.6 79.8 85.9 


J/ All hybrids had the same female parent (UI11866 x UI12166); 


All pollinators (except USH20) were from the cross (FC702/2 & /4 x SP6822-0); 
75B12x012 pollinator roots were F3 roots from 2 synthetics of F2 roots 

with 3-EL Rhizoctonia selections. 
75B13x024 pollinator roots were BC}, F2, with 4-EL Rhizoctonia selections. 
75B18x03 ‘ i "  BCy (SP6822-0 is recurrent parent) with 

3-EL Rhizoctonia selections. 
76B2x02 pollinator roots were BC}, Fo (EL43) with 3-EL Rhizoctonia selections. 
76B3x02 pollinator roots were synthetic of superior Fa roots (EL42) with 

2-EL Rhivoctonis selections. 


2/ 1=Russell Bros. Farm, Leipsic, Ohio, 1 row plots 30' long. Planted 4/8/76, 
harvested 10/11/76 = 186 days in ground. 
2=Schroeder Farm, Ottawa, Ohio, 1 row plots 30' long. Planted 4/9/76, 
harvested 10/5/76 = 179 days in ground. 
4=Schroeder Farm, Ottawa, Ohio, 1 row plots 30' long. Planted 4/9/76, 
harvested 10/5/76 = 179 days in ground. 
5=Bean & Beet Research Farm, Saginaw, Michigan, 1 row plots 39.4' (12 meters) 
long. Planted 4/14/76, harvested 9/20/76 = 159 days in ground. 
3=Bean & Beet Research Farm, Saginaw, Michigan, 3 row plots 16.4' (5 meters) 
long. Planted 5/13/76, harvested 9/22/76 = 132 days in ground. 
3/ Significant deviations from USH20 performance. 


Sebi 


] 
Sugarbeet Disease Investigations in 1976 


C. L. Schneider 
1. Blackroot disease (Aphanomyces cochlioides) 


A. Evaluation of blackroot resistance - A test of 99 breeding lines was 
conducted in the greenhouse. Plants were grown in 10.2 cm Bote of autoclaved 
potting mix to which oospore inoculum (approximately 30 x 10% oospores/pot) was 
added with the seed at planting. There were 6 replicates of each entry. USH20 
and Syn. Ck. were included as moderately resistant and highly susceptible check 
varieties, respectively. Disease severity ratings of each plant were made 30 
days after planting, according to an index from 0 (no symptoms) to 5 (dead). 
The distribution of the mean disease severity ratings of the 99 entries in 
relation to the USH20 check variety was as follows: Significantly lower (more 
resistant = 30.3%; same = 62.6%; higher (more susceptible) = 7.1%. The mean 
ratings of USH20 and Syn. Ck. were 3.5 and 4.2, respectively (LSD 95 = 0.5). 
The mean rating of all entries = 3.1, and the C.V. of the test = 13° 22%. 


2. Crown rot disease (Rhizoctonia solani) 


A. Evaluation of crown rot resistance - A test of 132 breeding lines was 
conducted in the East Lansing crown rot nursery. Plots were 5 m long and 
replicated 3 times. On 12 July, dry barley grain inoculum of R. solani was 
dispensed into the plant row at the rate of 19 cc/m with a tractor-mounted 
modified granule applicator. On 24 September, plots were rated according to 
crown root incidence and severity, expressed as percent. The mean rating of 
USH20 check variety in four experiments = 65.6%, and USH21 check = 74.8%. 
Ratings of the entries ranged from 36.4% to 80.8%. There were 28 entries with 
disease ratings significantly below (more resistant than) those of the check 
varieties. Roots of superior entries were selected as sources of Rhizoctonia 
resistance in the breeding program. 


B. Evaluation of fungicides for crown rot control - Field plots of variety 


USH20, 5 m long, were side-dressed with sorghum grain inoculum of R. solani. 
Fungicide treatments were applied with a hand-operated, CO09-powered sprayer in 

961 liters water/ha. The following four treatments were applied on the soil 
surface in a 20-cm band immediately after planting: carboxin + thiram, .38 + 

.38 kg (active ingredient/ha); carboxin, 1.68 kg; potassium N-hydroxymethy1-N- 
methyldithiocarbamate, 14.7 kg; triadimefon, 2.62 kg. The following 14 treatments 
were applied along the rows and into the crowns on 29 June and 22 July: PCNB, 

2.24 + 4.48 kg; fentin hydroxide, .33 kg; potassium N-hydroxymethy1-N-methy1di- 
thiocarbamate, 4.90 kg; benodanil, 0.50 and 1.00 kg; triadimefon, .56 and 1.12 kg; 
chlorothalonil, 1.68, 3.36, 6.72 kg; benomyl, .42 and .56 kg; Carboxin; sleosekas 
carboxin + thiram, .38 + .38 kg. Disease incidence (no. plants infected/no. plants 
inoculated) was determined on 20 October. 








Lee on of the following personnel in various phases of these investigations 
is acknowledged: D. R. Christenson, Dept. of Crops and Soil Science, Michigan 
State University; G. J. Hogaboam, Agricultural Research Service, U.S.D.A.; 

H. S. Potter, Dept. of Botany and Plant Pathology, Michigan State University; 
R. L. Sims, Agricultural Research Service, U.S.D.A. 
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All treatments showed significantly less crown rot than the untreated control 
which = 28.1% (mean of 9 plots). There were no significant differences in disease 
incidence among the treatments which ranged from 3.1 - 16.9%. Disease level in 
the chemical control test was considerably lower than in the previously described 
test of breeding lines because of different inoculation methods employed. 


C. Effect of cropping sequence and rotation period on crown rot incidence - 
A cooperative study with Crops and Soil Science Department, Michigan State Univer- 


sity, was conducted at the Saginaw Valley Beet and Bean Research Farm involving 

4 cropping systems and 2, 3, and 4-year rotation periods. Data from 1973 to 1976 
consistently show significantly less natural infection of crown rot in sugarbeet 
following corn than following navy beans. Differences among 2, 3, and 4-year 
rotation periods were not significant. 


3. Leafspot disease (Cercospora beticola) 


A. Evaluation of fungicides for leafspot control - Treatments were tested 
in plots of variety USH20 inoculated with C. beticola. Treatments were applied 


with a hand-operated C02-powered sprayer in 561 liters water/ha. One treatment - 
triadimefon, 5.24 kg (active ingredient/ha) - was applied to the soil in a band 
20-cm wide alongside the plant row on 12 August. Other treatments were applied 

as foliar sprays applied twice, and included the following: triadimefon, .56 and 
1.12 kg (active ingredient/ha); benomyl, .28 kg; benomy] + maneb, .14 + 1.34 kg; 
benomy] + Cu (OH)2, .14 + 1.34 kg; benomyl + fentin hydroxide, .14 + .17 kg; 

MBC + maneb, .10 + 1.21 kg, .20 + 2.42 kg; fentin hydroxide, .33 kg; cyclohexamide, 
4.4 and 8.8 g; chlorothalonil, 1.26 and 1.68 kg; captafol, 2.24 and 3.36 kg; 
captan, 4.20 kg; TBZ, .18, .24, .36 kg; flowable sulfur + copper, 3.36 kg + .45 kg. 
All treatments, except cyclohexamide, reduced leafspot severity significantly 
below that of the untreated control which, in accordance with a disease index 

from 0 (no symptoms) to 9 (complete defoliation) = 4.1 (mean of 5 plots). Disease 
indices of the treatments ranged from 1.4 - 2.7. There were significant differences 
among treatments with the following providing the highest degree of control: 
benomyl, alone and in combination with maneb, fentin hydroxide, and Cu(0H)o; 

MBC; TBZ (.36 kg/ha). Cyclohexamide treatments were extremely phytotoxic. 


4. Powdery mildew (Erysiphe polygoni) 


A. Test of fungicides to control powdery mildew -. The first symptoms of a 
naturally occurring powdery mildew epiphytotic in plots of variety USH20 at East 


Lansing, Michigan were observed on 23 August. By the latter part of September, 
disease incidence was 100%. There were three types of fungicide treatments. A 
soil application of triadimefon (2.62 kg active ingredient /ha) was applied on 

2 August followed by a foliar spray (1.12 kg) on 26 August. The following treat- 
ments were applied as foliar sprays on 2 and 26 August: triadimefon, 1.12 kg; 
wettable sulfur + benomyl, 3.85 kg + .27 kg; benomyl, .28 kg + 2.5 ml oil/liter; 
TBZ, .36 kg + 2.5 ml oil/liter. The following treatments were applied as foliar 
sprays on 26 August: wettable sulfur + benomyl, 2.68 kg + .20 kg and 3.85 kg + 
.27 kg; triadimefon, .56 and 1.12 kg; fentin hydroxide, .21 and .33 kg; benomyl, 
Siaeangeeco kd + 2.5-mMl O11/liter; IBZ, :21, .28, .42 kg, + 2.5 ml oil/liter; 
chlorothalonil, 1.26 and 1.68 kg; flowable sulfur, 8.74 kg; wettable sulfur, 8.98 
and 10.65 kg; copper + flowable sulfur, 1.26 kg + 1.12 kg and 1.68 kg; cyclohexa- 
mide, 2.6 g, 6.9 g, 13.8 g. All treatments were applied with a hand-operated, 
C09-powered sprayer in 561 liters of water/ha. Disease severity ratings were made 
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on 22 September and 8 October in accordance with an index from 1 (no symptoms ) 

to 9 (extremely severe). Disease intensity did not change significantly between 
the two reading dates. The disease severity rating of the untreated control = 
3.00 (mean of 4 plots). All treatments except fentin hydroxide (.21 kg) and 
chlorothalonil (1.26 kg) significantly reduced powdery mildew severity. There 
were no significant differences among the other treatments, with severity ratings 
ranging from 1.0 - 2.1. Cyclohexamide treatments were phytotoxic. 


Abstracts of Papers Published in 1976 


haneschneider; Gils 1976. Sugarbeet diseases and their control. Sugar Beet 
Journal 39(2): 11-12. 





Blackroot (Aphanomyces cochlioides, Pythium spp., Rhizoctonia solani); crown 
rot (R. solani); and leaf spot (Cercospora beticola) are important diseases 
threatening sugarbeet production in the Great Lakes area. Use of modified 
cultural practices and recommended fungicides can be used to reduce likelihood 
of serious loss by each disease. In addition, sugarbeet varieties resistant 
to blackroot and leafspot are productive where non-resistant varieties suffer 
serious loss. 





2. Safir, G.R. and C. L. Schneider. 1976. Diffusive resistances of two sugar 
beet cultivars in relation to their black root disease reaction. Phyto- 
pathology 66: 277-280. 


Sugarbeet (Beta vulgaris) seedlings, four weeks old, were inoculated with 
zoospores of Aphanomyces cochlioides and diffusive resistances to vapor flow 
were determined at intervals with a diffusion porometer. Two cultivars were 
used: high susceptible SP63269-0 and less susceptible SP6822-0. Five days 
after inoculation diffusive resistances of leaves of cultivar SP63269-0 
averaged 4.5 sec cm -!, whereas resistance of SP6822-0 averaged 2.6 sec cm-!. 
Inoculated plants of SP63269-0 and those from which water was withheld had 
similar relationships between leaf diffusive resistance and leaf water potential. 
Whole plant resistances to water transport calculated from steady state trans- 
piration data were 10-fold larger for inoculated than for control plants 9 days 
after inoculation. The increased diffusive resistance of infected plants 
appears, therefore, to be caused by decreased water supply to leaves. 
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BREEDING SUGARBEETS FOR RESISTANCE TO BLACK ROOT 
AND LEAF SPOT 


G. E. Coe 


Research work on sugarbeets at the Agricultural Research Center, Beltsville, 
Maryland, is directed toward varietal improvement of sugarbeets resistant 

to black root and Cercospora leaf spot, important diseases in eastern 

United States. Heavy selection pressure for resistance to these diseases 

has been successful but has resulted in a decline of inherent yield potential. 
Testing for disease resistance is continuing, but only the lines with the 
least resistance are being discarded. Selection pressure is now being 
applied to increase yields while maintaining sucrose content and other 
desirable characteristics. 


Testing for Black Root Resistance 


The resistance check variety, SP7134-00, presently being used in the 
greenhouse black root screening test is much more resistant than US H20 
and the resistant check used previous to 1971. Present tests cannot be 
compared to tests previous to 1971. The 1975 test is compared to the 1973 
test in Table l. 


TABLE 1. Results of greenhouse black root testing in 1975 and 1973. 


1975-76 Test 1973-74 Test 
Number Progenies as good Number Progenies as good 
Progenies or better than Progenies or better than 
Tested SP7134-00 Tested SP7134-00 
Te i 
Progenies of 
M M Selection 234 47.4 343 27144 
M M progenies of 
smooth-root 
selections from 
SP6922-0 80 47.5 None <= 
Monogerm progenies 58 34.5 69 43.5 





The average amount of resistance of the multigerm breeding lines has probably 
improved slightly. On the other hand the average amount of resistance in 
the monogerm lines has not increased, but is perhaps slightly less than the 
lines tested in 1973. However, except for a few lines all the breeding 
material is quite good in resistance to black root. 
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Testing for Leaf Spot Resistance 


A good leaf spot epidemic was obtained in the 1976 Beltsville leaf spot 
nursery. Results of this test are presented in Table 2. 


TABLE 2. Results of leaf spot test in 1976 Beltsville leaf spot nursery. 


Leaf Spot Ratings* 


Experiment No. lines Average lines US H20 US H21 
Number Description Tested Tested 
igeandeLt MM lines from Beltsville 66 La 4.2 ye 
4 MM lines from East Lansing ray ae 346 2s 
2 MM Rhizo. resist. lines from 
East Lansing a4 pees) 4a Qe 
2 mm lines from Beltsville Zh 1G 4,3 2.0 
3 mm lines from East Lansing 12 Lak 4.3 aaw 


*Leaf spot scale 0-10: 0 = No spots; 10 = All leaves dead. 


In these experiments US H20 was about the least resistant line in the test. 
All the breeding lines except the Rhizoctonia selections from East Lansing 
have a relatively high degree of resistance, and all except a few of the 
Rhizoctonia resistant lines were better than US H20. The level of leaf spot 
resistance of the Rhizoctonia resistant lines is lower than the other 
breeding lines as a result of outcrossing to Rhizoctonia resistant stocks 
having less leaf spot resistance. 


' Selections for Resistance to Powdery Mildew 


A moderate epidemic of powdery mildew occurred in one Beltsville sugarbeet 
nursery plot, and a milder epidemic was observed in the leaf spot nursery. 
Evaluations for resistance to powdery mildew were made in all experiments, 
but in the leaf spot nursery only the most susceptible lines were signifi- 
cantly different. In the other nursery plot there appeared to be good 
differences between lines and opportunity for selection within lines. 
Eighty-five apparently resistant roots were selected from among some 1,100 
plants of SP6822-0. These will be increased in the summer of 1977. Powdery 
mildew resistance ratings for lines in this plot are presented in Table 3. 
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TABLE 3. Powdery mildew resistance ratings in the 1976 Beltsville 
nursery test. 


Experiment No. of Average Powdery 
Number _ Description of Material Progenies Mildew Rating* 
23 B3 - F, of sugarbeet x B. corolliflora 119 Zee 
feerid 
24 F, of sugarbeet x B. maritima hybrid 24 3.5 
25 2nd cycle selection smooth roots from 
SP6922-0 46 Led 
SP6922-0 -- 3.0 
US H21 -- aa 
US H20 -- Blt 


*Scale 0-10: O = no disease apparent; 10 = leaves very white. 


Some progenies stemming from the sugarbeet xB. corolliflora cross appeared 
to have no disease, and as a group were much more resistant to powdery 
mildew than any other material in the field. However, there seems to be 

a lot of variation in resistance among sugarbeets themselves, and it 
shouldn't be necessary to go to the wild species to obtain resistant genes. 


Selecting for Higher Yields 


Selection of large individual roots from field plots is not necessarily 

a selection for better inherent yielding ability. In fact, selections 

of large roots in a disease testing nursery is almost always a selection 
for better disease resistance and is unrelated to yielding ability. It 
would appear that the only way to select for better yields is to grow 

the plants in an environment that is completely free from all diseases 

and pests and free from environmental differences, i.e., nutritional dif- 
ferences, temperature differences, differences in light energy received, 
etc. Snyder, Doney and others have been attempting to do this in the 
greenhouse and in growth chambers. The methods they are developing appear 
promising. I first used this technique to make selections in SP6922-0 

in 1975. Selections were made on the basis of root weights and root to 
shoot ratios. The large rooted selections were divided into 2 groups 
according to root to shoot ratio and crossed to SP75550-01 mm MS. The 
smaller rooted plants of SP6922-0 were likewise divided into 2 groups. 
Roots of SP73514-01 mm MS were split, and half of the root put in with 

one group for pollination. The other half of the root was put in isolation 
with the other group of pollen fertile plants. Yield comparison of progen- 
ies from companion 1/2 roots then is a comparison of the combining ability 
of the pollinator lines. A preliminary growth chamber test indicates that 
plants of SP6922-0 selected on the basis of a high root to leaf ratio 
produced progenies with larger roots than selected plants of SP6922-0 
having a relatively low root to leaf ratio. Since all the evidence indicates 
that the technique is effective in selecting for higher yield potential, 

we are now using three growth rooms with a capacity of 378 plants every 
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30 days for making such selections. Thus far, selections have been made 

in SP6822-0 MM PF, SP6922-0 MM PF, SP74571-0 mm O-type, SP74571-02 mm MS, 
SP75550-0 mm O-type, and SP75550-01 mm MS. At present, SP76745-0 mm O-type, 
and SP76745-0l are in the growth rooms for selection. 


Selections for 'Soil-Free" Roots 


Selected conical-shaped roots stemming from crosses with garden beets can 

be harvested with less adhering soil than selections for smooth "clean" 
roots directly out of SP6922-0. One line of the former type had about 95% 
of its roots lifted from the ground relatively free from soil. Many other 
progenies of this type were also good. Table 4 gives a comparison of these 
lines with US H20 harvested under the same somewhat difficult wet conditions. 


TABLE 4. Agronomic characteristics of soil-free breeding lines compared 
with US H20 in the 1976 Beltsville nursery. 


Characteristic US H20 Soil-Free Lines 
Lbs. soil/ton roots 258 lbs. 35, tori 25 aos. 
Root yield/acre 28. t/2.tons 25, ‘tori tons 
% sucrose ae 7 tose 

% Raw Juice Apparent Purity 81.302 75.00 toedoe 4am 
Leaf Spot Rating 5 4 to 6 

Black Root Resistance Moderate Moderate 
Powdery Mildew Resistance* 2 0 to 3 


CA ee eS ee ee 
*Powdery mildew was not as severe in this test as in our other nursery plot. 


From Table 4 it is obvious that the poorest characteristic of the "soil-free" 
roots from this line of breeding is the low sucrose content. This is being 
increased only slightly with each backcross, but perhaps the sucrose content 
of soil-free beets will not have to equal present commercial lines because 
they have relatively high purity. 


The other line of selection for smooth roots (directly from SP6922-0) doesn't 
have the handicap of poor sucrose content, but the selected plants transfer 

the smooth root characteristic to their progeny at a much lower frequency 
than roots stemming from garden beet crosses. Also preliminary indications 
are that smooth roots selected from SP6922-0 have poorer combining ability 
than the parent line. Thus it appears that it may be some time before 
"soil-free" roots are a practical reality. 


Discovery of New O-Types 


Ten new O-type lines were located in greenhouse indexing tests in 1975-76. 
These were grown in the nursery in 1976, but the leaf spot epidemic among 
these transplants was not sufficiently severe to obtain reliable disease 
evaluations. All should have sufficient resistance for commercial use in 
the event they are otherwise acceptable in hybrid combinations. 





